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PREFACE  TO  VOLUME  I. 


Since   the  first  English  translation  of   the   third  German  edition 

of   thi?i    volume,   seven  years  ago,  four  new  German  editions  have 

tpjieared.      Tlie  alterations  and  additions  made  necessary  in  the  latter 

Uy  recent   progress,  chiefly  in  pathology  and  hacteriology,  have  been 

9*-»  nuinerons  that  a  second  English  edition  is  now  urgently  required. 

The   division  of  text-books  of  surgery  into  separate  volumes  on 

weneral  and   regional  topics,  which  was  first  practised  exclusively  by 

German  and  French  writers,  has  now  become  the  custom  in  English 

tad    American  works.      Such   an   arrangement    is    a    result    of    the 

fpeat   advances  that  have   been  made  of   late  in  surgical  pathology 

ind    I  bacteriology,   and   of    the    growing   appreciation   of   the   value 

<»f  tliese    fundamental    principles  to  the  student  and   practitioner  of 

riinrery.       It   is   important   that   our   medical    students   should    have 

a  text -book   from  which  they  can  first  gain  a  thorough  knowledge 

'.f  the    principles  of  surgery  before  taking  up  surgical  diseases  and 

injuries   of  special  parts.     Furthermore,  the  surgeon  of  to-day,  who 

wislies  his  work  to  be  fruitful   of  the  best  results,  must  keep  pace 

with  the  advances  in  the  fundamental  sciences  underlying  his  art. 

The  prcjsent  volume  contains  not  only  a  complete  exposition  of 
general  surgical  pathology  and  bacteriology,  but  also  chapters  on  dis- 
eaises  and  injuries  of  special  tissues,  with  their  treatment;  tumours: 
sreneral  surgical  technique,  and  bandaging.  This  arrangement  leaves 
for  the  two  following  volumes  the  application  of  the  principles 
alreatly  learned,  and  the  systematic  description  of  the  surgical  dis- 
earies  and    injuries  of  the  different  regions. 

The  favourable  reception  given  to  the  work  in  this  country  will, 
h  is  hoped,  be  extended  to  this  new  edition,  from  which  much 
that  \ras  obsolete  has  been  eliminated,  and  to  which  have  been 
^ded  the  results  of  the  latest  researches  in  surgical  pathology  and 
the  most    modem  development  of  general  surgical  technique. 

Benjamin  T.  Tilton. 
59  ^'esx   Thirty-sixth  Street. 

•  •  • 
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TILLMANNS'   PRINCIPLES  OF 
SURGERY   AND   SURGICAL   PATHOLOGY. 


FIRST  SECTION, 
GENERAL  PRINCIPLES  GOVERNING  SURGICAL  OPERATIONS. 


CHAPTER  L 

THE   PREPARATIONS    FOR   AN   ASEPTIC   OPERATION. 

o.  Definition  of  a  surgical  operation,  h.  The  indications  and  counter-indications  for 
undertaking  an  operation,  c.  Antisepsis  and  asepsis,  d.  The  preparations  for  an 
aseptic  operation. — Oi>erating  room. — Operating  table. — Preparation  of  the  patient, 
the  operator,  and  his  assistants. — Sterilisation  of  the  instruments,  sponges,  gauze 
pads,  etc. — Preparation  of  aseptic  dressings. 

§  4.  Definition  of  a  Snrgical  Operation. — An  ^'  operation,"  in  the 
br(Mu]est  sense  of  the  word,  means  any  mechanical  interference  of  the 
surgeon  undertaken  with  a  view  to  remedy  disease,  in  which  inter- 
ference snrgicai  instruments  are  used. 

A  distinction  is  made  between  an  operation  in  which  a  loss  of 
blood  occurs  and  one  in  which  it  does  not.  To  the  bloodless  opera- 
tions belong,  for  instance,  the  introduction  of  a  catheter  into  the 
bladder,  the  crushing  of  a  vesical  calculus  by  the  lithotrite,  the -re- 
moval of  foreign  bodies  from  the  external  auditory  meatus,  from  the 
pharynx,  etc.  But,  generally  speaking,  an  operation  is  ordinarily 
nnderstood  to  be  of  the  kind  that  is  accompanied  by  a  loss  of  blood, 
and  this  is  the  kind  that  is  meant  here. 

"  Operative  surgery,"  says  Dieffenbach,  "  is,  of  all  branches  of  the 

healing  art,  the  most  suited  to  arouse  enthusiasm  in  its  followers;  it  is 

a  bloody  fight  with  disease  for  life — a  fight  that  means  life  or  death." 

Every  surgeon  must  have  a  certain  amount  of  natural  talent,  and  an 

enthusiastic  devotion  to  his  profession.     A  complete  mastery  of  the 

technique,  keen  senses,  a  well-trained   eye,  a  delicate  touch,  and   a 

steady  hand,  are  all  indispensable.     The  plan  of  the  operation  must  be 
2  1 


2  THE  PREPARATIONS  FOR  AN  ASEPTIC  OPERATION. 

clearly  thought  out  beforehand,  and  during  the  operation  must  be 
quietly  and  resolutely  carried  out. 

§  5.  Indications  and  Counter-indications  for  an  Operation. — A  difticult 
problem  which  often  confronts  the  surgeon  is  to  correctly  weigh  the 
indications  and  counter-indications  for  undertaking  an  operation.  It 
is  often  a  hard  question  to  decide  whether  a  cure  is  not  possible  with- 
out an  operation ;  and  it  is  well  to  consider  whether  the  proposed 
operation  does  not  carry  with  it  greater  dangers  than  the  disease  itself, 
especially  in  those  cases  where  the  annoyances  are  but  slight.  The 
counter-indications  for  operation  depend  upon  the  particular  organ 
which  is  diseased  or  upon  the  general  condition  of  the  patient  (extreme 
youth  or  old  age,  general  weakness,  coexisting  acute  or  chronic  disease, 
etc.).  Under  all  circumstances  it  is  necessary  to  have  the  consent  of 
the  patient  for  the  proposed  operation. 

The  question  as  to  whether  an  operation  should  be  performed 
against  the  will  of  the  patient  is  answered  differently  by  different  sur- 
geons, though  the  majority  of  physicians  consider  that  they  are  entitled, 
and  indeed  obliged,  in  exceptional  cases,  to  perform  an  operation 
against  the  will  of  the  patient — ^if,  for  instance,  the  danger  from  the 
operation  is  much  less  than  that  from  the  continuation  of  the  disease, 
or  if  the  patient  can  be  saved  by  the  operation  from  certain  death. 

To  gain  the  desired  end  in  such  cases — or,  in  other  words,  to  per- 
form the  operation — ^the  patient  is  chloroformed,  and  upon  recovering 
from  the  ansesthetic  he  is  usually  glad  that  the  operation  has  been 
done,  even  though  contrary  to  his  will. 

§  6.  Preparations  for  an  Antiseptic  or  Aseptic  Operation. — We  operate, 
without  exception,  according  to  either  antiseptic  or  aseptic  principles 
— that  is,  we  try  to  prevent  entrance  into  the  wound  of  substances 
that  tend  to  cause  inflammation  and  putrefaction.  All  the  decom- 
posing products  of  putrefaction  come  under  the  head  of  septic  matter 
— sepsis  (from  afpfn^)  meaning  putrefaction.  An  antuej)tir  operation 
is  one  in  which  antiseptic  solutions  are  used  to  kill  the  bacteria  that 
may  be  present  in  the  wound  or  enter  it  during  the  course  of  the  opera- 
tion. An  asejitw  operation  is  one  in  which  everything  that  is  to 
come  in  contact  with  the  wound  is  rendered  previously  germ  free,  and 
no  antiseptics  are  used  during  the  course  of  the  operation.  The  bac- 
teria that  cause  infection  of  wounds  exist  everywhere ;  they  float  in 
the  air,  where  they  are  mixed  with  the  atmospheric  dust,  they  cling  to 
the  clothes  and  the  skin  of  the  patient  and  the  operator,  they  are  found 
on  the  instruments,  sponges,  etc.  Therefore,  if  we  wish  to  protect 
those  upon  whom  we  operate  from  the  noxious  influence  of  bacteria, 
we  must  take  the  greatest  pains  to  keep  the  latter  out  of  the  wound, 
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or,  if  they  have  already  found  lodgment  in  the  body,  to  check  their 
further  development,  and  to  destroy  them  as  soon  as  possible. 

The  preparations  for  an  aseptic  operation  must  be  so  managed  that 
every  possibility  of  infecting  the  wound  is  avoided.  Hence  we  must 
always  take  pains  to  most  rigidly  disinfect  the  operating  room,  the 
table,  the  part  to  be  operated  upon,  the  hands  and  clothes  of  the  oper- 
ator and  his  assistants,  the  instruments,  sponges,  and  dressings — in 
short,  everything  which  comes  into  direct  or  indirect  contact  with  the 
wound. 

Antiiepsis  and  Asepsis. — During  operations  in  former  times,  anti- 
septics were  employed  much  too  freely — ^for  instance,  in  the  form  of  a 
mist,  the  so-called  spray,  or  in  the  form  of  irrigations — and  at  the 
close  of  the  operation  the  wound  was  once  more  energetically  disin- 
fected. Our  most  effective  antiseptics,  especially  carbolic  acid  and 
bichloride  of  mercury,  are  poisonous,  and  many  patients  have  died  after 
the  operation  of  carbolic  and  bichloride  poisoning.  The  too  intense 
irritation  of  antiseptics  endangers  the  vitality  of  the  tissues  with  which 
they  come  in  contact,  and  renders  them  less  capable  of  withstanding 
bacteria ;  furthermore,  serious  parenchymatous  lesions,  particularly  of 
the  kidney,  are  thus  produced  in  operations  within  the  thoracic  and 
peritoneal  cavities.  It  is  right,  therefore,  to  limit  the  use  of  antisep- 
tics in  operations ;  in  fact,  most  surgeons  aim  to  avoid  them  entirely. 
Disinfection  and  antiseptic  treatment  of  a  fresh  wound  which  has  been 
made  by  the  surgeon  is  not  necessary  if  the  operation  is  conducted 
strictly  aseptically — that  is,  if  the  field  of  operation,  the  hands  of  the 
surgeon,  the  instruments,  the  sponges  or  gauze  pledgets,  etc.,  have 
been  sterilised — i.  e.,  rendered  free  from  micro-organisms.  If  irriga- 
tion is  desirable,  a  sterilised  solution  of  common  salt  of  a  strength  of 
five  tenths  to  seven  tenths  per  cent.,  or  boiled  water,  should  be  substi- 
tuted for  the  carbolic  or  bichloride  solutions.  If  larger  amounts  of 
sterilised  water  are  needed,  the  apparatus  of  Fritsch  is  useful.  The  em- 
ployment of  a  six-tenths-per-cent.  sterilised  salt  solution  is  especially 
useful  in  laparotomies. 

Asepsis  has  taken  the  pl^ee  of  antisepsis  in  operatiims^  for  the  rea- 
son that  a  wound  which  has  not  been  irritated  by  antiseptics  heals 
much  more  readily,  the  secretion  is  nmch  less,  and  drainage  can  more 
frequently  be  entirely  dispensed  with.  Furthermore,  the  process  of 
repair  in  the  wound  is  quicker  with  the  aseptic  than  with  the  antiseptic 
method;  the  aseptic  cicatrix  forms  sooner,  and  is  more  solid  and 
durable  than  when  the  wound  has  been  irritated  by  antiseptics.  When 
the  latter  have  been  used  the  process  of  cell  division  is  more  sluggish, 
and  begins  later. 
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Id  the  case  of  wounds  treated  b;  the  asepti(;  iiietliod,  complete 
healing  and  the  formation  of  the  cicatrix  usuallj  occupies  eight  da^R  ; 
while  in  wonndB  in  which  bichloride  of  mercury  has  been  used  the 
change  from  granulatiou  to  cicatricial  tiseue  has  hardly  begun  in  this 
time. 

Socin,  Bergmann,  Neuber,  and  others,  were  among  the  first  to  give 
up  antisepsis  for  asepsis,  though  I^wson  Tait  and  Koberle  had  lung 
furnished  proof  that  beautiful  operative  results  could  be  obtained 
without  using  antiseptic  solutions.  But  for  injuries  and  wounds  already 
infected,  the  rules  of  rigorous  antisepsis  are  to  be  carried  out — i.e.,  the 
wound  should  be  thoroughly  disinfected  with  a  three-  to  five-per-cent. 
solution  of  carbolic  acid  or  one  tenth  to  one  fiftieth  per  cent,  of  bichlo- 
ride of  mercury.  I  am,  however,  of  the 
opinion  that  it  is  not  possible  to  really  disin- 
fect, with  our  nsual  antiseptic  solutions,  a 
wound  that  has  once  become  infected.  The 
bacteria  present  in  the  tissues  are  not  acted 
upon  sufficiently  by  tlie  antiseptics — i.  e., 
they  are  not  killed.  The  chief  requirement 
in  infected  wonnds  is  to  provide  for  sutficient 
escape  of  the  infected  secretions  by  incision 
and  drainage.  Moreover,  it  is  no  longer  the 
custom  to  use  dressings  that  liave  b^n  im- 
pregnated witli  bichloride  or  carbolic  acid. 
They  are  much  more  easily  and  surely  ster- 
ilised by  steam.  Dressings  impregnated  with 
antiseptics  are  often  found  after  a  time  to 
contain  bacteria.  Steam  sterilising  ajjpara- 
tus  have  now  l>een  universally  introduced 
in  hospitals  for  the  treatment  of  dressings, 
operating  gowns,  beds,  bed-clothing,  ete., 
and  small  steam  sterilising  apparatus  can 
easily  be  brought  into  every  large  snrgical  ward.  The  portable  steam 
sterilisers  of  Straiib,  II.  Settcgaat,  Bubcnberg,  E.  Ilahn,  and  Schimmcl- 
buscb  are  esjwcially  adaptable  for  private  practice.  In  Fig.  1  is  illus- 
trated the  steriliser  of  Sehimmeihusch.  As  regards  the  mechanism  of 
this  apparatus,  the  following  should  \>e  notcil :  W,  the  part  which 
holds  the  water,  is  tilleil  by  a  funnel  through  the  tube  T,  up  to  a 
marked  height.  Whatever  is  to  lie  sterilised  is  placed  in  the  inner 
compartment  of  the  apiwratus,  the  latter  having  a  double  metallic  wall. 
The  cover  I)  is  screwed  on  tight.  In  the  centre  of  the  cover  is  placed 
the  thermometer,  Th.     The  water  is  heated  by  a  gas  flame,  and  the 
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tiiel  hunch). 


Steam,  at  a  temperature  of  100°  to  130°  C.  {212°  to  266°  F.),  enters 
tlie  inner  compartment  of  the  apparatus  from   above,   and   escapes 
throngh  the  opening  R  into  a  lead  spiral  in  a  condenser  tilled  with 
water.     The  air  between  the  double-walled  water  ves- 
sel and  the  metallic  enclosure,  which  is  protected  by 
sebeatoe,  escapes  through  the  openings  at  0.     At  the 
end  of  the  sterilisation  the  water  can  be  drawn  off 
tbrongh  the  faucet  H,  the  cover  is  removed,  and  the 
Bterilised  article  taken  out.    In  order  that  the  sterilised 
dressings  can  be  kept  sterile,  the  tin  vessel  devised  hy 
SclitmnielboBch  (Fig.  2)  ia  used.     This  is  provided  with 
a  tight  cover  id)  and  a  great  number  of  holes  {a  b) ;  the 
latter  can  be  opened  and  closed  at  will  bj  a  strip  of 
tin.     This  tin  vessel  is  filled  with  dressings  and  placed 
in  the  steriliser. 

We  shall  return  again  to  the  subject  of  sterilisation 
of  the  dressings,  operation  gowns,  compresses,  etc.,  and  presently 
describe  the  sterilisation  of  the  instruments  by  boiling  for  five  minutes 
Id  a  one-per-cent.  Eoda  solution,  the  cleansing  of  the  hands,  etc.  For 
the  disinfection  of  large  articles,  sucli  as  mattresses,  clothes,  etc.,  the 
disinfector  of  Rietschel  and  Henneberg  is  particularly  good.  In  order 
to  be  sure  that  the  temperature  in  the  steriliser  readies  a  sufficient 
height,  different  appliances  have  been  made  use  of.  For  example,  a 
bell  is  attached  which  rings  when  the  tem- 
perature reaches  130°  C,  or  small  glass  tubes 
containing  crystals  of  phthalic  acid,  or  alloys 
of  lead,  zinc,  and  bismuth,  which  melt  at  a 
temperature  of  110°  C,  are  inserted. 

Strehl  is  right  in  recommending  that  steril- 
isers which  are  heated  by  gas,  and  are  used  in 
the  operating  room  or  its  vicinity,  should  be 
supplied  with  an  arrangement  for  carrying  off 
the  gas,  in  order  that  the  air  in  the  oi>prating 
room  may  not  be  contaminated  by  the  harmful 
gases,  and  the  danger  of  decon)i>ositiou  of  the 
chloroform  (see  page  27)  may  be  avoided. 

The  cleanliness  of  tlie  operating  room 
boai».  and  of  everytlimg  it  contains  must  always  be 

rigorously  enforced  by  the  surgeon. 
Operating  Boom. — The  operating  room  should  be  as  light  as  possible, 
well  ventilated,  and  plentifully  supplied  with  arrangements  for  wash- 
ing, receptacles  for  disinfecting  solutions,  especially  three-  to  five-j)er- 
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cent.  Bolntiona  of  carbolic,  bichloride  (1  to  l,000-5,iX>0),  alcohol,  and 
sterile  salt  eolutioa. 

Iron  etands  for  the  Bolntion  bottles,  socli  as  the  one  shown  in  Fig.  3, 
are  verj'  naeful. 

In  larger  hoepitalB  it  is  well  to  have  two  operating  rooms,  one  for 
aseptic  operations  and  the  other  for  infected  cases ;  and  it  is  advantage- 
ons  to  have  on  the  floor  of  the  operating  room,  which  is  best  made  of 
cement,  a  gutter  arrangement  for  conducting  oS  the  water. 

Tlie  walls  of  the  operating  room  must  be  so  built  as  to  be  capable 
of  being  easily  and  thoroughly  cleansed,  and  therefore  should  be  cov- 
ered with  oil  or  enamel  paint,  or  with  metal  or  glass  plates.     Recesses 


4. — Authoi'a  openUng  table. 


and  comers  which  canharbour  dust,  etc.,  are  to  be  avoided,  on  account 
of  the  microljes  they  contain,  and  pains  should  be  taken  not  to  stir  np 
dust  either  before  or  during  the  operation.  Before  an  operation  the 
air  in  the  room  can  be  moistened  by  steam  from  a  large  spray  or  steam 
pipe,  if  there  is  one,  and  thus  freed  of  dust. 

Operating  Table.— The  operating  table  should  be  aa  simple  as  possible  Hnd 
abftolutdy  cleun.  In  order  to  facilitate  llie  escape  of  soiled  liquids,  operatinf; 
tables  arc  coming  more  and  more  into  use  which  are  provided  with  means  to 
carry  off  Ihese  lluids.  Operatinjr  tables  made  with  an  iron  frame  and  a  plass 
plate  iiri'  very  (food.  My  own  ojioratinf  tnble.  illustrated  in  Fig.  4,  has  an 
iron  franie  witli  a  plate  of  stmntr  flint  glass;  the  (nittor  placed  around  the 
table  conducts  away  tlie  ovi-iflow  into  a  vessel  underneath,  and  the  whole 
tabic  can  be  readily  cleaned.    Tlie  head-piece,  which  is  easily  adjusted,  is 
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fitted  with  a  removable  glass  plate.  For  elevating  the  pelvis,  a  movable 
fninework  can  be  brought  into  use,  made,  like  the  head-piece,  of  glass  and 
irou.  and  leg-supporters  can  be  very  easily  attached.  I  have  also  devised  a 
transportable  table  with  folding  legs  for  private  practice  and  for  army  use 
(Figs.  5.  6.  and  7),  which 
19  made  of  wrought  iron, 
weighs  only  twenty -five 
kilogrammes,  and  is  inex- 
pensive. 

Trendelenburg  and 
others  have  constructed 
tables  which  allow  the  pa- 
tient to  be  brought  into 
rarjaus  positions.  The 
table  inventetl  by  Knoke 
«nd  Dressier  (Figs.  8,  9, 
and  10)  isaoexcellentone 
of  this  sort  For  pro- 
tracted operations — lapa- 
rotomies, for  instance — it 
is  advantageous  to  use  op- 
erating tables  which  can 
be  kept  warm,  such  as  me- 
tallic tables  (Socin)  filled 
with  hot  water.  In  this 
way  the  patient  is  kept 
from  losing  too  much 
body  temperature. 

Pnparfttion  of  the 
Prtieiit  —  The  *  prelimi- 
naries for  an  operation 
begin  with  the  prepara- 
tion of  the  patient.  In 
operations  of  any  mag- 
tiitiide  t)ie  whole  body 
etiould  l>e  first  thorongh- 
ly  cleansed  by  means  of 
a  warm  hath.  The  field 
of  operation  is  then  ren- 
dered aseptic  in  the  most 
scmpulotiB  manner.     If 

this  is  not  done  properly  the  success  of  the  operation  is  rendered 
doubtful  and  stitch-hole  abscesses  are  very  likely  to  occur,  even  when 
the  Bntnres  and  needle  are  aseptic.  The  skin  is  scrubbed  with  tincture 
of  green  soap  and  wann  water,  shaved,  nibbed  off  with  ether  in  order 
to  remove  the  fat  on  the  akin  and  the  micro-organisms  that  it  contains, 
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and  finally  washed  with  a  three-  to  five- per -cent,  solution  of  carbolic 
or  a  bichloride  solution  of  1 :  1,000  to  5,000.  The  serabbing  and  dis- 
infecting of  the  hands  and  feet  especially  must  be  tboroughlj  and  care- 


Klioke  Bocl  Drcaaler'a  operating  li 


fully  carried  out.  Instead  of  brushes  wbicli  are  boiled  and  kept  in  a 
bichloride  solution  (1  to  1,000),  I  use  swalw  of  wood  fibre  or  cotton 
which  are  sterilised  by  heat  and  burned  after  use. 

In  operations  in  the  mouth  the  teeth  should  be  thoroughly  cleansed 
by  a  toothbrush,  and  the  mouth  frequently  rinsed  with  a  cblorate-of- 
potash  solution  of  a  strength  of  5  or  6 
to  100,  or  permanganate  of  potassium. 
boric  acid,  etc.     Carious  teeth  and 


the  tartar  which  swarms  with  bacteria,  etc.,  are  to  be  removed.  If 
the  operation  is  in  the  hypogastric  region,  in  tlie  neighbourhood 
of  the  anus,  on  the  urinary  and  sexual  oi'gans,  ur  in  the  }>eritoiieaI 
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csTJtj,  care  sLonld  be  taken  to  Becure  a  move- 
ment of  the  bowels  on  the  last  day  before  the 

operation    by  a  dose  of  castor  oil,  and  about 

lifo  hoars    before  the   operation   the   rectum 

ebonld   be  washed   out  with   Inkewaiin   water 

injected  from  an  irrigator.     When  necessary, 

the  bladder  should  be  emptied  in  advance  by  a 

catheter. 

The  stomach  of  a  patient  about  to  be  chloro- 

fonned  should,  if  possible,  be  empty,  and  in  all 

cases  the  taking  of  solid  food  shortly  Iiefore  the 

operation  should  be  forbidden,  so  that  the  re- 
spiratory movements  of  the  diaphragm  shall  not         |Mti«nt  tor  operations  on 

be  interfered  with,  and  troublesome  vomiting 

ehall  not  occur.     The  entrance  of  vomited   matter  into  the  air-pas- 
B  has  repeatedly  caused  death  during  chloroform  narcosis. 

After  cleansing  and 
sterilising  the  tield  of 
operation,  I  cover  the 
F  same  for  several  hours 
(if  time  permits)  with  a 
moist  aseptic  dressing  of 
one-per-cent.  formalin. 
At  the  time  of  the  op- 
eration the  patient  is  cov- 
ered with  rubber  sheet- 
ing and  sterile  linen  coul- 
isses, leaving  the  field 
*  of  operation  exposed 
(Figs.  11-14).  For  this 
purpose  the  protective 
coverings  are  provided 
with  openings  for  the 
arms,  legs,  and  neck,  or 
they  are  suitably  fast- 
ened together  with  safety 
pins.  The  linen  protect- 
ives  should  be  sterilised 
by  keeping  them  for  half 
an  hour  in  the  steriliser 
at  a  temperature  of  100° 
[Mtient  in  BbdomiDal  operalLons.       tO   130°  C.      The  Sterile 
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compresses  about  the  field  of  operation  may  in  addition  be  wrung  out 
in  l-to-1,000  bichloride. 

In  operations  upon  the  face  and  neck  the  patient's  hair  should  be 
covered  by  a  rubber  cap,  which  is  made  to  fit  tightly  by  means  of  an 
elastic  band,  so  as  to  prevent  the  hair  from  coming  in  contact  with 
the  field  of  operation ;  or,  better  still,  the  head  may  be  wrapped  in  an 
aseptic  gauze  bandage. 

For  operations  in  the  peritoneal  cavity,  it  is  better  to  provide  two 
protectives,  as  is  shown  in  Fig.  14.  Figs.  11  to  14  illustrate  suffi- 
ciently the  excellent  plan  which  has  been  recommended  by  Neuber. 

If  an  operation  is  protracted,  especially  in  cold  weather,  care  must 
be  taken  that  the  patient  does  not  become  chilled.  If  the  patient  be- 
comes badly  chilled,  a  dangerous  or  even  fatal  collapse  may  be  pro- 
duced, especially  after  operations  in  the  peritoneal  cavity.  For  this 
reason  it  is  wise  to  protect  the  patient  by  flannel  coverings,  warm  cloths, 
etc.,  and  particularly  by  warming  the  operating  room  to  about  16°- 
18**-19°  R.  (68°  to  75°  F.).  For  protracted  operations  the  warmed 
operating  table  of  Socin,  already  mentioned,  is  valuable. 

The  best  clothing  for  the  operator  and  his  assistants  consists  of  a 
linen  operating  gown,  the  sleeves  of  which  only  reach  to  the  middle  of 
the  upper  arm.  Before  every  operation  the  freshly  washed  opemting 
gowns  are  sterilised  for  a  half  to  three  quarters  of  an  hour  in  the 
steriliser  by  the  action  of  hot  steam  at  a  temperature  of  100°  C. 
(212°  F.).  With  a  view  to  preserving  thorough  asepsis,  the  operator 
and  his  assistants  must  work  with  bare  forearms. 

Sterilisation  of  the  Hands. — The  hands  and  forearms  are  disinfected 
in  the  following  manner :  While  dry,  the  nails  are  first  cleansed  of 
visible  dirt  by  a  nail  cleaner  and  scissors  which  are  always  kept  in  a 
ten-per-cent.  solution  of  carbolic  acid  in  glycerine ;  then  the  hands  and 
forearms  are  thoroughly  scrubbed  with  a  brush  in  soap  and  warm  water, 
with  special  attention  to  the  ends  of  the  fingers  and  the  part  under- 
lying the  nails.  The  nailbrushes  are  sterilised  by  boiling  and  are 
kept  in  l-to-1,000  bichloride.  Coarse  white  or  gray  pumice  stone 
may  also  be  used  for  cleansing  the  hands.  The  latter  are  then  rubbed 
with  fit'ty-per-cent.  alcohol,  and  before  the  latter  evaporates  the  hands 
and  forearms  are  scrubbed  for  two  to  three  minutes  in  hot  l-to-1,000 
bichloride,  three-per-cent.  carbolic  acid,  three-qnarters-per-eent.  creosol, 
or  one-per-cent.  fonnalin.  Finally  they  are  rubbed  with  a  gauze  com- 
press moistened  in  l-to-1,000  bichloride  or  one-per-cent.  formalin. 
The  bichloride  may  be  removed  by  treating  the  hands  with  sulphide 
of  ammonium  and  sterile  water.  It  is  of  the  greatest  importance  in 
disinfection  of  the  hands  to  soften  the  skin  thoroughly  by  means  of 
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the  warm  water  and  to  clean  tbem  mechanieallj  with  nailbrushes,  so 
u  to  remove  the  bacteria  that  are  present  in  the  deeper  layers,  the 
glands,  etc.  Ether  or  alcohol  are  very  useful  in  dissolving  the  fat  on 
the  skin  and  thus  allowing  the  antiseptic  solutions  to  act  more  effec- 
toally.  Quite  recently  a  number  of  tests  have  been  made  by  Saul, 
Paul,  Kronig,  Fiirbringer,  Freyhan,  and  others  to  determine  the  anti- 
septic value  of  alcohol.  These  experiments  have  shown  varying  results. 
Most  of  the  authorities  have  come  to  the  conclusion  that  alcohol,  when 
used  in  too  concentrated  a  form,  diminishes  the  action  of  the  anti- 
septics such  as  bichloride,  but  that,  on  the  other  hand,  weak  alcoholic 
solutions  (twenty-five  to  fifty  per  cent.)  of  antiseptics  like  bichloride, 
carbolic,  lysol,  and  thymol  are  more  eflScacious  than  aqueous  solutions 
of  the  same  strength.  Paul  and  Kronig  found  that  the  germicidal 
action  of  aqueous  solutions  of  bichloride  was  increased  by  the  addition 
of  twenty -five  per  cent,  ethyl  alcohol  or  by  methyl  alcohol  and  acetone, 
while,  on  the  other  hand,  the  action  of  aqueous  solutions  of  phenol  and 
formaldehyde  diminishes  with  every  addition  of  ethyl  alcohol  or  methyl 
alcohol.  Absolute  alcohol  possesses  no  strength  as  a  germicide,  and 
the  same  is  true  of  boiling  absolute  alcohol  (Saul).  It  follows  from 
this  that  in  disinfecting  the  hands  it  is  important  not  to  use  alcohol  in 
too  concentrated  a  form.  If  the  hands  are  rubbed  for  one  minute  in 
lifty-per-cent.  alcohol  as  described  above  and  then  placed  in  a  large 
basin  containing  l-to-1,000  bichloride,  the  germicidal  action  of  the  latter 
is  certainly  not  diminished  and  is  probably  increased.  In  fact,  I  con- 
sider the  use  of  diluted  alcohol  an  important  element  in  the  success  of 
my  method  of  sterilisation  of  the  hands.  Kronig  has  had  very  good 
results  with  the  following  method  of  disinfecting  the  hands  in  his 
gynaecological  clinic  in  Leipsic :  After  trimming  and  cleaning  the  nails 
and  washing  the  hands  and  forearms  for  eight  minutes  in  warm  water, 
the  hands  and  forearms  are  placed  for  three  minutes  in  a  solution  con- 
taining one  per  cent,  permanganate  of  potash  and  one  half  per  cent, 
chlorine  water.  This  solution  is  prepared  as  follows :  45  cubic  centi- 
metres of  pure  hydrochloric  acid  (German  Pharmacopoeia,  twenty-five 
per  cent.)  are  well  mixed  with  1,600  cubic  centimetres  of  water,  and  to 
this  500  cubic  centimetres  of  a  four-per-cent.  permanganate-of- potash 
solution  are  added.  As  this  solution  attacks  metallic  and  enamelled 
ves^ls,  wooden  ones  should  be  used.  The  hands  and  forearms  are 
then  decolourised  in  a  warm  1.3-per-cent.  solution  of  oxalic  acid, 
and  finally  rinsed  off  in  sterile  water  in  order  to  lessen  the  irritating 
action  of  the  oxalic  acid.  For  keeping  the  hands  in  a  good  condi- 
tion. Pears'  glycerine  soap  is  particularly  useful,  and,  if  anything 
more  is  necessary,  the  inunction  of  a  small  amount  of  lanolin  is  excel- 
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lent.  Modern  gurgeons  should  give  up  wearing  rings,  and  in  any  case 
always  lay  them  aside  before  an  operation,  as  they  are  invariably 
bearers  of  infection.  I  do  not  use  the  operating  gloves  made  of  rub- 
ber, linen  thread,  silk,  etc.,  which  have  been  recommended  of  late ; 
or  the  mouth  protectors  used  by  Mikulicz.  Why  should  we  cover 
our  hands,  which  have  already  been  made  sufficiently  aseptic,  with 
an  organic  material,  such  as  the  operating  gloves,  which,  according 
to  Doderlein,  are  moi'e  likely  to  become  impregnated  with  bacteria 
than  the  hands  themselves?  In  septic  oi)erations,  however,  and 
examinations  of  infected  wounds,  or  in  vaginal  examinations,  oper- 
ating gloves  are  of  use  as  a  means  of  protection  and  should  be 
used.  In  place  of  operating  gloves  Menge  has  recommended  covering 
the  hands  with  a  sterilised  solution  of  xylol  in  paraffine.  In  opera- 
tions that  must  be  performed  under  strictest  asepsis,  such  as  those  in 
the  peritoneal  cavity,  the  operator  and  his  assistants  should  talk  as  little 
as  possible,  because  we  have  learned  from  Flugge's  investigations  that, 
in  speaking,  bacteria  pass  from  the  mouth  in  very  small  fluid  particles, 
and  are  carried  for  some  distance,  thus  causing  infection.  For  this 
reason  Mikulicz  recommended  his  mouth  protectors.  A  large  basin 
containing  a  lukewarm  antiseptic  solution  should  be  placed  near  the 
operator  and  his  assistants,  so  that  they  may  constantly  keep  their 
hands  disinfected,  even  though  they  do  not  come  in  contact  with 
unclean  objects  or  with  pus,  faeces,  urine,  etc. 

Sterilisation  of  Inftmmentt. — The  instruments  are  best  disinfected 
by  boiling  them  for  live  to  ten  minutes  in  a  one-  to  two-per-cent.  solu- 
tion of  soda,  the  latter  substance  rendering  them  less  liable  to  rust  than 
plain  water.  Crystalline  soda  should  be  used  and  not  the  kind  adulter- 
ated with  sulphate  of  soda  or  common  salt.  In  order  to  prevent  the 
instruments  from  rusting,  L6vai  recommends  the  addition  of  pure  one- 
quarter- per-eent.  caustic  soda  to  the  water  and  allows  them  to  lie 
in  this  weak  solution.  They  are  nmch  less  likely  to  rust  if  placed 
in  water  that  is  already  boiling,  as  the  carbonic  acid  has  then  been 
expelled  in  great  part  from  the  water.  The  knives  and  needles  are 
placed  in  a  separate  compartment  in  order  that  their  edges  may  not 
be  injured  by  contact  with  the  other  instruments.  As  wooden  handles 
on  instruments  are  soon  damaged  by  boiling,  nickel-plated  metal 
handles  are  preferable. 

Instruments  are  not  sufficiently  disinfected  by  simply  placing  them 
in  carbolic  or  other  antiseptic  solution  (Gartner,  Kiimmel,  Gutsch, 
Redard,  Davidsohn).  A  sterilising  apparatus  for  instruments  can  be 
made  for  a  small  price  by  any  tinman,  in  the  following  manner :  a 
large  box  made  of  sheet  copper,  with  a  removable  top,  is  provided 
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with  a  tray  of  tin  plate  which  is  punched    full    of   holes ;    the  tray 

holds  the  instrnmeuts,  and  has  two  handles  attached  to  it  so  that  it  can 

be  lifted  out  after  the  boiling  and  placed  in  a  tliree-per-cent.  solution  of 

csrbolic  acid.     A  very  excellent  ap- 

pscatDs,  devised  by  Sehimmelbusch, 

i»  illustrated  in  Fig.  15,  bnt  it  is 

macb  more  expensive.     The  figure 

needi)  do  explanation.     At  the  close 

oi  the   proceee  of  sterilisation  the 

»ire  tray  £",  which  holds  the  instru- 

nieDts,  ig  taken  out  and  placed  in 

three-per-cent.  carbolic  or  sterile  salt 

eotutiou  contained  in  a  glass  dish  or 

tray  made  of  enamel -covered  metal. 
Before  using,  1  generally  wipe 
off  every  knife  carefully  with  a  piece 
of  sterilised  cotton  moistened  in  a 
three-per-cent.  solntion  of  carboHc 
acid.     This  is  a  mechanical  means 

of  disinfection  which  Gartner  has     *■">■  16.— Apjwraiui.  for  be 
shown  to  be  particularly  efficacious. 

During  the  operation  the  instruments  should  lie  in  an  antiseptic  solu- 
tion, such  as  three-per-cent.  carbolic  acid,  ono-hatf-  to  one- per-ceut. 
creosol,  or  in  sterile  salt  solution,  or  one-  to  two  per-cent.  soda  solution, 
or  tliey  are  used  dry.  Tbey  are  placed  in  trays  made  of  glass,  porce- 
lain, and  metal.  The  non-breakable  and  easily  cleaned  vessels  of 
enamelled  metal  which  are  used  in  the  kitchen  are  very  good  for  this 
purpoj«.  After  every  operation  the  instrunieuts  are  scrubbed  with  a 
brusb  and  soap  in  a  three-per-cent,  solution  of  carbolic  acid  and  then 
polished. 

Metallic  catheters  and  sounds  are  sterilised  like  all  metallic  instru- 
ments by  boiling  them.  Soft  catheters  and  bougies  are  sterilised  by 
subjecting  them  to  steam  from  five  to  fifteen  minutes,  or  to  formalin, 
or  hydrochloric  acid  vapour.  They  may  also  be  sterilised  by  placing 
them  for  twenty-four  hours  in  a  three-per-cent.  solution  of  formalin 
in  glycerine,  and  then  kept  in  glycerine.  Catheters  taken  directly 
from  the  formalin  solution  must  first  be  dipped  before  using  in  a  non- 
irritating  solution,  such  as  glycerine.  Levai  places  the  bougies  and 
catheters  before  use  in  liquefied  parafiine,  which  has  a  strong  antiseptic 
'  action. 

Among  other  sterilising  apparatus,   those  of   Eraatz,  Kronacher, 
Sternbei^,  Mehler,  Klien,  and   Sloniann  should  lie  mentioned.     For 
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private  practice  and  military  surgery  Kronacher,  Turner,  Lauten- 
schlager,  and  others  have  devised  transportable  apparatus. 

Sterilised  Oanze  Wipes. — For  sponging  the  wound  during  the  opera- 
tion, gauze,  or  cotton  balls  wrapped  in  gauze,  should  be  used.  These 
wipes  are  sterilised  by  placing  them  for  half  an  hour  in  the  steam  ster- 
iliser. They  are  decidedly  preferable  to  ordinary  sponges,  as  they  are 
only  used  once,  and  are  afterwards  burned.  A  large  stock  of  such 
gauze  wipes  can  be  always  kept  on  hand  in  a  bichloride  solution  (1  to 
1,000),  but  it  is  better  to  use  those  that  are  freshly  sterilised. 

Disinfection  of  Sponges. — Ordinary  sponges  very  quickly  become  use- 
less after  sterilisation  in  the  hot  steam  of  a  steriliser,  and  they  are  best 
disinfected  in  the  following  way :  After  pounding  them  thoroughly, 
rinse  them  in  a  solution  of  potassium  permanganate  (1  to  500-1,000), 
then  soak  them  for  a  quarter  of  an  hour  in  a  solution  consisting  of 
four  fifths  to  one  per  cent,  of  hyposulphite  of  soda  and  from  one  fifth 
to  eight  per  cent,  of  pure  hydrochloric  acid  (Keller) ;  then  place  them 
for  a  quarter  of  an  hour  more  in  boiling  water  or  in  a  boiling  sofla 
solution  of  a  strength  of  one  per  cent.  The  sponges  are  stored  in  a 
five-per-cent.  solution  of  carbolic  acid  or  one-tenth-per-cent.  solution 
of  bichloride  of  mercury. 

Sterilisation  of  Dressings^  Silk,  Catgut — Silk,  catgut,  drainage  tubes, 
dressings,  and  bandages  should  also  be  rendered  perfectly  sterile.  Silk 
should  be  boiled  for  half  an  hour  in  a  bichloride  solution  (2  to  1,000) 
or  a  five-per-cent.  carbolic  solution,  and  the  other  materials  can  be 
treated  by  dry  sterilisation — i.  e.,  by  keeping  them  in  the  dry  steriliser 
for  half  an  hour  at  a  temperature  of  100**  to  130®  C.  For  the  sterilisa- 
tion of  catgut,  see  page  94. 

The  Spray.— Some  years  ago  the  operation  and  the  application  of  the 
dressings  wei*e  always  carried  out  under  the  Lister  spray — in  otlier  words,  in 
a  fine  mist  of  carbolic  acid.  The  management  of  the  hand  spray  can  be  un- 
derstood without  further  explanation  from  the  illustration  in  Fig.  16.  The 
steam  spray  apparatus  consists  of  a  vessel  containing  water,  with  a  spirit 
lamp  underneath.  The  boiler  is  filled  through  the  opening  at  a  and  then 
closed  by  a  stopper  which  is  screwed  in  place.  At  b  is  placed  a  safety  valve, 
which  allows  the  steam  collected  in  the  kettle  to  escape  in  case  the  cock  at  c 
is  turned  off.  The  steam  passes  from  the  boiler  through  a  tube  closed  and 
opened  by  the  cock  c,  then  into  a  glass  containing  three  to  five  per  cent,  car- 
bolic acid,  and  drives  the  latter  out  of  the  end  of  the  tube  in  the  form  of  a 
spray,  the  direction  of  which  can  be  changed  hy  means  of  the  handle  d. 

At  present  the  spray,  as  has  been  said,  is  seldom  employed,  and  I.  person- 
ally, never  use  it.  It  has  been  proved  that  the  results  obUiined  without  the 
spray  are  just  as  good  as  those  obtained  with  it.  The  spray  is  troublesome, 
inconvenient  for  the  operator,  and  not  free  from  danger  to  the  i)atient  on 
account  of  the  not  unimportant  chilling  it  may  cause,  and  from  the  danger 
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ofcu-bolic  or  bichloride  poisoning-.  I  sometimes  use  the  spraf  before  a  lapa- 
rotomy when  I  wish  to  purify  the  air  of  the  operating  room,  and  for  this 
purpcee  I  use  a  steam  spray  placed  as 

high  up  as  possible.      In    hospitals  i       '^  v»  -  rf- 

fitled  with  steam  or  water  pipes,  a 


— H«Qd  sprB.ving  appamtua, 

Tery  effective  spray  apparatus  can  be  contrived  by  connecting  the  Bl«am  pipe 
with  the  boiler  of  the  apparatus,  and  in  this  way  the  air  in  the  operating 
room  can  be  very  easily  and  cheaply  rendered  germ  free — in  other  words, 
disinfected.  This  should  be  done  after  a  clinic,  for  example,  when  an  opera- 
tinn  such  as  a  laparotomy  is  to  be  performed  in  the  same  room.  Removal 
of  the  dust  in  the  operating  room  and  wards  by  means 
of  steam  is  very  desirable,  as  the  dust  in  these  places 
contains  microbes,  which  can  give  rise  to  infection. 

Otherwise  disinfection  of  the  air  of  the  operating 
room  is  not  necessary,  since,  in  general,  wounds  are  only 
infected  by  contact  with  the  microbes  on  unclean  and 
insufficiently  disinfected  hands,  dressings,  and  instru- 
ments, but  not  by  the  bacteria  in  the  air  (Kiimmel,  P.  Fiir- 
bringer).  provided  the  room  is  free  from  dust.  I  lay  great 
stress  upon  covering  the  neight)ourhood  of  the  field  of 
operation  with  sterilised  towels  dip|)ed  in  a  one- tenth  per- 
cent, solution  of  bichloride  of  mercury. 

Preparation  of  the  Drewiiigi. — I  gliould  mention 
that  the  agepttc  coverings  of  the  wounds,  dressings, 
bandages,  etc. — sterilised  hj  heating  them  at  a  tem- 
perature of  lOIJ"  to  130**  C— are  made  ready  in  ad- 
vance. We  shall  speak  of  these  in  Chapter  II.  (The 
Techniqae  of  applying  Dressings).  ntot  "^"'I'ma  '^r 

Pnpantioni  fiff  Operations  in  Private  Practice.— If        "iik. 
an  operation  is  to  be  conducted  aseptically  outside  of  a 
clinic  or  hospital,  as  large  and  light  a  room  as  possible  sliould  be  selected, 
and  thoroughly  cleaned  and  aired.     Tlie  surest  and  simplest  ways  of  disin- 
fecting a  room  are  to  rub  down  the  walls  and  ceiling  with  bread  (E.  von 
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E^niarch),  or  to  generate  formalin  vapour  in  Scbering's  apparatus,  or  to  burn 
sulphur  after  closing  off  the  room  thoroughly.  A  table,  on  which  to  place 
the  patient,  should  be  provided,  and  covered  with  some  water-tight  material 
and  then  with  sterilised  linen ;  and  two  or  three  other  tables  should  be  near 
by,  likewise  covered  with  sterilised  linen,  to  hold  the  instruments,  dressingfs, 
and  wash-basins. 

Several  wash-basins,  soap,  absolute  alcohol,  brushes,  towels,  sterilised 
dishes  for  the  instruments,  and  sponges  should  be  within  reach,  as  well  as 
warm  sterilised  water  in  large  quantities,  chloroform  or  ether,  concentrated 
carbolic  solutiq^,  tablets  of  bichloride,  aseptic  sponges  or  gauze  pads,  drains, 
silk,  catgut,  and  the  necessary  instruments  sterilised  by  boiling  in  a  one-per- 
cent soda  solution,  and  dressings  and  bandages. 

Silk  and  catgut  can  be  carried  about  very  easily  in  the  simple  apparatus 
pictured  in  Fig.  18. 


CHAPTER  II. 

THE    ALLEVIATION   OF   PAIN    DURING   OPERATIONS. GENERAL   AND    LOOAL 

^  ANESTHESIA. 

History. — Chloroform. — ^The  physiological  action  and  the  method  of  administering 
chloroform. — Symptomatology  of  chloroform  narcosis. — The  possible  accidents 
during  chloroforfn  narcosis :  death  from  chloroform. — ^Treatment  of  the  possible 
accidents  during  chloroform  narcosis. — Other  anaesthetics :  methyl  compounds. — 
Ether. — The  phenomena  of  ether  narcosis. — Method  of  administering  ether. — The 
remaining  ether  compounds. — Nitrous  oxide  (laughing  gas)  as  an  anassthefic. — 
Other  anajsthetics. — Mixed  narcosis. — Local  anaesthesia. 


§  7.  The  Alleviation  of  Pain  during  the  Operation. — A  distinction  is 
made  l>etween  general  aneesthesia — ^i.  e.,  narcosis  which  is  caused  by 
the  inhalation  of  some  sleep-producing  vapour  or  gas — and  the  local 
ansesthesia  which  is  limited  to  a  particular  portion  of  the  body,  and 
produced  by  the  local  application  of  a  substance  to  the  part  of  the 
body  to  be  operated  upon. 

HifltoricaL — Since  the  earliest  times  attempts  have  been  made  to  perform 
operations  with  the  aid  of  some  means  for  allaying  pain,  but  the  methods 
were  invariably  bad,  and  the  action  of  the  remedies  which  were  tried  was 
insuflficient.  It  was  not  till  the  year  1846,  with  the  introduction  of  ether  as 
an  amesthetic,  that  the  dream  of  the  old  surgeons  was  to  come  true — namely, 
the  performance  of  even  major  operations  without  pain. 

As  early  as  the  year  1800,  Humphry  Davy,  reasoning  from  his  numer- 
ous physiological  experiments,  had  recommended  nitrous  oxide  (laughing 
ga.s)  as  an  anaesthetic ;  and  Horace  Wells,  a  dentist  in  Hartford,  tested  the 
remedy  in  1844  by  extracting  twelve  or  fifteen  teeth  ;  but  he  was  not  able  to 
introduce  the  drug  as  an  anaesthetic  into  general  surgical  practice. 

In  ancient  times  cannabis  indica  and  opium  were  the  chief  drugs  for 
controlling  pain.  Besides  these,  the  pulverised  stone  of  Memphis  was  used — 
a  kind  of  marble  which,  when  treated  with  acetic  acid,  gives  off  carbonic  acid 
and  in  this  way  produces  a  certain  amount  of  local  anaesthesia.  Mandrake 
root,  made  into  a  decoction  with  wine,  was  also  given  internally,  and  was 
used  esi)ecially  by  the  ancient  Greek  physicians,  and  in  fact  was  employed 
during  the  middle  ages  till  the  end  of  the  sixteenth  century.  In  the  middle 
ages  patients  were  often  made  to  inhale  vapours  made  from  hemlock  and 
from  the  juice  of  the  mandrake  leaf.  Of  interest  in  this  connection  are  the 
experiments  of  Theodoric  of  Cervia,  a  learned  Dominican,  wlio  at  his  death, 
in  1298,  was  Bishop  of  Bologna.    A  celebrated  surgeon  of  Salerno,  Mazzeo 
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della  Montagna  (1309-1349),  is  said  to  have  given  the  patients  whom  he  was 
about  to  operate  upon  some  sleep-producing  potion.  Porta  also  speaks  of  a 
remedy,  without  describing  it  more  exactly,  which,  when  inhaled,  brought 
on  a  deep  sleep. 

Besides  these  methods,  excessive  bloodletting  till  fainting  occuri*ed,  com- 
pression of  the  vessels  and  nerves  (Moore),  enormous  doses  of  tartar  emetic, 
electricity,  animal  magnetism,  and  hypnotism  have  all  been  tried.  On 
April  8,  1829,  Cloquet  is  said  to  have  removed  without  pain  a  cancer  of  the 
breast,  together  with  the  axillary  glands,  from  a  fourteen-yeai*-old  girl  dur- 
ing  the  magnetic  sleep,  and  in  1842  Ward  amputated  a  thigh  under  the  same 
conditions.  Guerineau  also  performed  a  painless  amputation  of  the  leg 
while  the  patient  was  in  the  hypnotic  slumber. 

Many  other  attempts  were  made  to  perform  operations  painlessly  during 
the  hypnotic  state,  but  they  were  seldom  successful.  In  hysteria  or  other 
pathological  conditions  of  the  nervous  system  hypnotic  anaesthesia  is  more 
easily  brought  about  It  is  well  known  that  hypnotism  has  of  late  attained 
a  growing  importance  for  diagnostic  purposes  and  as  a  therapeutic  measure. 
It  clUi  at  times  be  advantageously  used  on  surgical  patients. 

Two  Americans — the  chemist  Charles  Jackson  and  the  dentist 
W.  L.  G.  Morton — introduced  ether  as  an  ansesthetic  into  general  sur- 
gical use,  after  the  inhalation  of  ether  had  already  been  used  by  others 
to  allay  pain  and  the  physiological  action  of  the  vapour  was  known. 
Furthermore,  in  1842  and  1843,  W.  C.  Lang,  a  physician  in  Atliens, 
had  ansesthetised  several  patients  with  ether  without  publishing  his  ob- 
servations. Morton  induced  Warren,  the  surgeon  of  the  Massaelmsetts 
Hospital,  to  try  the  new  remedy,  and  the  latter,  on  October  17,  1846, 
removed  without  pain  a  tumour  of  the  neck  under  ether  narcosis.  The 
knowledge  of  the  new  discovery  spread  quickly  to  Europe,  first  to 
England,  tlien  to  France,  Germany,  and  the  other  countries.  In  Eng- 
land, Robinson,  Liston,  and  Simpson  were  the  first  to  try  it,  and  they 
were  followed  by  Malgaigne  in  France.  Schuh  was  the  first  in  Ger- 
many, and  on  January  27,  1847,  he  removed,  without  pain,  a  telan- 
geiectasis  under  ether. 

But  the  supremacy  of  ether  as  an  anaesthetic  was  not  to  continue 
long.  In  November,  1847,  Simpson,  as  a  result  of  some  eighty  obser- 
vations, including  surgical  and  labour  cases,  recommended  chloroform, 
which  had  already  been  discovered  in  1831  by  Soubeiran,  in  Paris,  and 
had  lain  unnoticed  on  the  apothecary's  shelves  for  sixteen  years. 
Ether  was  very  quickly  superseded  by  chloroform,  and  the  enthusiasm 
for  the  new-  remedy  was  tremendous.  But  soon  the  first  deaths  from 
chloroform  were  reported,  and  the  wish  for  a  new  annpsthetic  became 
active.  Numerous  other  drugs  w-ere  tried,  but  at  the  present  day 
chloroform  and  ether  hold  the  field  in  triumph  without  rivals  worthy 
of  the  name.     In  recent  times  ether  has  again  gained  ground,  and  ia 
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used  especially  in  America,  in  Lyons,  and  lately  also  in  England,  in 
Switzerland,  and  in  Germany.  I  use  ether  a  great  deal,  particularly 
if  the  respiratory  passages  and  the  lungs  are  sound,  and  I  am  well 
satisfied  with  it.  Both  drugs,  we  shall  see,  have  their  advantages  and 
difiadvantages,  and  we  can  not  get  along  without  either  of  them.  In 
my  opinion  ether  should  be  used  when  the  heart  is  diseased,  and  chlo- 
roform is  preferable  in  cases  with  a  pulmonary  lesion.  Ether  is  also 
to  be  preferred  to  chloroform  in  case  of  disease  of  the  liver  and  kidney, 
a£  the  latter  is  more  likely  to  give  rise  to  serious  degeneration  of  these 
organs.    Of  the  other  anaesthetics,  nitrous  oxide,  or  laughing  gas,  and       ) 

I  bromethyl  are  most  used,  chiefly  for  short  operations  and  by  dentists. 

I  We  shall  first  take  up  chloroform. 

§  8.  Chlorofonn  Harcotis.  The  Chemical  Reactions  of  Chloroform.-- 
Trichlonnethan  (CHC1»)  is  a  clear,  colourless,  very  volatile  liquid,  with  a 
pleasant,  aromatic  odour,  and  a  sweet  and  afterwards  burning  taste.  It  can 
be  mixed  with  ether  and  alcohol  in  all  proportions,  and  is  soluble  in  two 
hundred  parts  of  water.  Chloroform  is  very  slightly  inflammable,  and  has 
at  15"*  C.  (55**  F.)  a  specific  gravity  of  1.502.  It  is  decomposed  by  daylight 
into  hydrochloric  acid,  chlorine,  and  free  formic  acid,  and  is  therefore  to  be 
kept  in  the  dark,  preferably  in  glass  bottles  which  are  covered  with  paste- 
board. By  the  addition  of  one  half  to  one  per  cent,  absolute  alcohol  the 
decomposition  of  chloroform  can  be  prevented. 

Only  such  chloroform  should  be  used  as  has  been  previously  proved  to  be 
pure.  The  impurities  of  chloroform  consist  in  adulterations  with  spirits  of 
wine,  ether,  etc.,  in  the  very  dangerous  compounds  of  methyl  formed  during 
its  preparation,  and  finally  in  the  decomposition  products  which  develop  if 
the  drug  is  long  exposed  to  the  action  of  light  and  air  (free  chlorine,  com- 
pounds of  the  hydrocarbons  with  chlorine,  aldehyde,  hydrochloric  acid,  acetic 
acid,  and  formic  acid).  The  testing  of  chloroform  is  a  chemical  procedure, 
which  must  be  done  by  the  chemist  or  the  apothecary ;  but  the  surgeon  should 
alwavs  make  Hepp's  smelling  test,  which  is  as  simple  as  it  is  useful.  Chem- 
ically pure  Swedish  filter  paper  is  dipped  in  chloroform,  the  latter  allowed  to 
evaporate,  and  the  dry  paper  smelled  of.  If  the  cliloroform  is  ])ure  the 
paper  has  no  odour  ;  but  if  there  is  a  peculiarly  sharp  and  irritating:  odour 
the  chloroform  is  impure,  and  it  is  either  acid  from  decomposition  or  it  con- 
tains the  chlorine  substitution  products  of  the  ethyl  or  methyl  series.  Clilo- 
mform  can  also  be  tested  chemically  by  distillation  over  crude  potash  at  a 
temperature  of  60°  to  6^  C.  (140»  to  142«  F.).  The  chloroform  prei)ared  from 
salicvlide  chloroform  (Anschiitz)  is  a  perfectly  pure  form  and  can  be  recom- 
mended verv  heartilv.  The  production  of  amesthesia  requires  a  .somewliat 
longer  time* than  in  the  case  of  the  ordinary  chloroform  (usually  fi*om  ten  to 
twentv  minutes),  but  the  patient  takes  it  well  and  unpleasant  sequela?  are 
very  rare.    Chloroform  medicans  (Pictet),  purified  by  crystallization,  is  also 

m  excellent  preparation. 

Fhyilolo^oal  Action  of  Chloroform.— By  inhalation,  chloroform  vapour  is 
arried  to  the  lungs,  or  more  particularly  to  the  blood,  and  probably  circu- 
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laies  in  the  blood  in  chemical  combination  with  the  haemoglobin  of  the  red 
blood-corpuscles.  Chloroform  has  the  power  in  part  of  directly  destroying 
the  red  blood-corpuscles,  and  in  part  of  robbing  them  of  their  ability  to  take 
up  oxygen  and  to  drive  out  carbonic  acid  (Bottcher,  Schmiedeberg,  and 
otherH).  The  icterus — i.  e.,  haematogenous  icterus — which  Nothnagel  ob- 
served in  animals  is  probably  due  to  the  power  possessed  by  chloroform  and 
ether  of  destroying  the  red  blood-corpuscles. 

The  destruction  of  the  red  blood-corpuscles  is  preceded  by  a  change  in 
their  form.  They  become  spherical,  and  these  spheres  partially  dissolve  in 
the  blood  plasma,  leaving  behind  small  granules.  Chloroform  also  combines 
intimately  with  the  fixed  tissue  cells.  It  can  therefore  remain  in  the  body 
for  a  longer  or  shorter  time,  depending  upon  the  closeness  of  its  combination 
with  the  cells.  The  blood  is  only  the  means,  probably,  of  carrying  the 
chloroform,  and  the  chief  cause  of  the  anaesthesia  is  to  be  sought  in  the  cer- 
tain but  not  yet  fully  understood  changes  in  the  central  nervous  system.  It 
is  certain,  however,  that  these  changes  do  not  depend  upon  disturbances  of 
the  circulation,  such  as  hyperaemia  or  anaemia  of  the  nerve  centres.  Accord- 
ing to  Luther,  the  physiological  aud  pathological  action  of  chloroform  de- 
pend chiefly  upon  its  power  of  dissolving  lecithin  and  cholesterin  ;  the  fatty 
/  degeneration  produced  in  the  kidney,  liver,  heart,  muscles,  etc.,  is  to  be 
regarded  as  a  coagulation  necrosis,  and  chemically  as  a  lecithin  degenera- 
tion of  the  cell  protoplasm. 

The  drug  is  carried  to  all  the  organs  by  the  blood  as  it  circulates,  includ- 
ing the  central  nervous  system,  the  brain,  and  the  spinal  cord.  The  ganglion 
cells 'are  chiefly  affected,  while  the  nerve  fibres  suffer  no  loss  of  function,  but 
retain  their  normal  excitability  (Bernstein).  The  sensory  ganglion  cells  are 
first  attacked  by  the  poison,  then  the  motor,  as  is  evident  from  the  final  pa- 
ralysis of  the  automatic  movements  of  the  heart  and  respiration  in  a  fatally 
ending  narcosis.  According  to  Flourens,  the  paralysis  of  the  nerve  centres 
begins  in  the  great  lobes  of  the  brain ;  it  then  attacks  the  cerebellum,  and 
finally  the  spinal  cord,  where  first  sensation  and  then  motion  are  lost  The 
medulla  oblongata  retains  its  function  the  longest,  then  it  also  loses  its  ac- 
tivity, and  life  comes  to  an  end.  The  loss  of  sensation  and  of  the  sense  of 
pain  is  first  noticeable  in  the  back  and  extremities,  and  last  in  the  cornea 
with  its  rich  nerve  supply.  ' 

The  changes  in  the  blood  pressure  and  the  action  of  the  heart  have  been 
carefully  studied  by  Lenz,  Scheinesson,  Koch,  Bowditch,  Minot,  and  others. 
Chloroform  acts  upon  the  vaso-motor  centre,  and  also,  in  all  probability, 
directly  ujkju  the  heart  muscle  and  its  ganglia.  The  arterial  tension  is  re- 
/  duced,  the  blood  pressure  sinks,  the  energy  of  the  hearths  action  is  diminished, 
and  the  rapidity  of  the  circulation  is  lessened.  The  blood  of  the  whole  body 
becomes  more  or  less  venous,  and  a  decrease  in  oxidation  with  a  sinking  of 
the  Uiuiperature  of  the  body  takes  place  as  a  result  of  the  diminished  heat 
production. 
I'  Rt»spiration  is  influenced  in  two  ways  by  cliloroforni  :  in  the  first  place, 
the  direct  iiction  of  the  chloroform  ui)on  the  terminal  branches  of  the  fifth 
n<»rv(»  in  the  mucous  membrane  of  the  nose  may  cause  a  temporary  reflex 
cessation  of  breathing,  and  a  noticeable  slowing  of  the  heart  (stinmlation  of 
the  vagus),  particularly  at  the  outset  of  the  narcosis.     In  the  second  place. 
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chloroform  acts  directly  upon  the  respiratory  centre,  and  the  changes  thus 
brought  about  in  respiration  are  independent  of  the  changes  in  the  circula- 
tion.   The  centre  for  breathing  is  first  stimulated  by  chloroform,  and  later     l^ 
depressed,  causing  the  breathing  to  become  slower  and  more  shallow. 

The  behaviour  of  the  pupils  is  of  very  great  importance.  The  dilatation 
of  the  pupils  occurring  at  the  outset  of  the  narcosis  is  dependent  upon  the 
meDtal  excitement  of  the  patient  and  upon  the  reflex  stimulation  of  tlie  fibres 
of  the  sympathetic  nerve  governing  the  opening  of  the  iris,  brought  about  by 
the  irritation  of  the  branches  of  the  trigeminal  nerve  in  the  naso-lachrymal 
duct  All  these  irritations  which  dilate  the  pupil  cease  when  sleep  or  nar- 
cosis takes  place,  and  the  pupil  is  therefore  contracted. 

The  uterine  contractions  during  childbirth  are  not  stopped  during  chloro- 
form narcosis.    The  influence  of  the  drug  upon  the  muscular  fibres  of  the 
intestine  is  not  known.    Chloroform  produces  a  complete  relaxation  of  the 
voluntary  musclea     It  is  important  to  remember  that  chloroform  is  excreted     ^^^^ 
in  the  milk  of  nursing  women,  and  may  be  found  in  the  blood  of  the  foetus. 

Chloroform  is  excreted,  according  to  Zeller,  chiefly  in  the  form  of  chlorides 
in  the  urine,  and  only  about  a  third  is  excreted  as  unchanged  chloroform  by 
the  lungs  and  kidneys.  The  excretion  of  the  chlorine  derived  from  the 
breaking  up  of  the  chloroform  in  the  system  is  just  as  slow  as  the  excretion 
of  iodine  after  the  external  application  of  iodoform. 

Unchanged  chloroform  can  be  found  in  the  urine  of  a  patient  who  has    i 

been  chloroformed,  and  if  the  urine  is  boiled  with  Fehling's  solution  the 
latter  will  be  immediately  reduced  to  the  black  copper  oxide,  and  not  the  red 
(Hegar-Kakenbach,  C.  Theim,  P.  Fischer).  As  a  result  of  the  destruction  of 
the  red  blood-cells  by  the  action  of  chloroform,  hiemoglobinuria  occasionally 
occurs,  though  bilirubinuria  is  more  common,  for  the  reason  that,  owing  to  *- 
the  destruction  of  the  red  blood-cells,  an  increased  formation  of  bile  colouring 
matter  takes  place,  which  is  excreted  in  the  urine.  Nothnagel  found  biliary 
pi^ent  in  the  urine  of  animals,  while  in  man  jaundice  and  bile  pigment  in 
the  urine  are  rarer.  The  urine  sometimes  contains  casts  and  albumen,  more  L^ 
rarely  sugar.  Some  authorities,  including  Frankel,  Wunderlicli,  and  Ziegler, 
claim  that  transient  albuminuria  with  casts  is  more  common  after  the  use  of 
chloroform  than  of  ether.  A  transient  albuminuria  occurs,  according  to 
Ajello,  in  eighty  per  cent,  and  according  to  Zachrisson  in  38.06  to  44.45  per 
cent  of  the  cases  of  chloroform  anaesthesia ;  while  in  \he  mixed  chloroform- 
ether  anaesthesia  the  percentage  is  16.59  to  20.77.  Rindskopf  found  that 
among  ninety -three  cases  where  chloroform  had  been  used  thirty-one  showed 
pathological  elements  in  the  urine  (albumen,  casts,  leucocytes,  epithelium 
from  different  sources,  and  erythrocytes).  The  urine  is  usually  normal 
again  at  the  end  of  two  or  three  days,  but  the  exi>eriments  of  Babacci  and 
Bebi  show  that  the  nephritis  resulting  from  chloroform  is  more  likely  to  ,  . 
take  on  a  chronic  character  than  the  nephritis  following  the  use  of  ether. 
Thomson  and  Kemp,  on  the  other  hand,  claim  that  ether  is  more  harmful  to 
the  kidnevs  than  chloroform.  Nacliod  found  in  the  urine  of  children,  acetone 
and  diacetic  acid,  both  separately  and  in  combination  with  one  another. 
Kastand  Mester  found  in  the  urine  of  patients  who  had  died  from  the  effects 
of  a  long-continued  anaesthesia,  a  substance  containing  sulphur  and  resem- 
bling cystin.     It  follows  from  what  has  been  said  that  the  kidneys  are  more 
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or  less  damaged  by  the  use  of  chloroform  and  that  consequently  it  should  be 
employed  with  caution.  A  patient  should,  for  example,  never  be  chloro- 
formed a  number  of  times  within  a  few  days. 

§  9.  Meihod  of  Administering  CUoroCDnn. — If  it  has  been  decided 
to  narcotise  a  patient  for  an  operatioa,  certain  precautionary  measures 
are  to  l>e  observed.  His  general  condition  most  be  determined  by  a 
careful  examination  of  the  internal  organs,  especially  the  heart  and 
lungs.  In  cases  of  extensive  pulmonary  disease,  of  pleurisy  with 
effusion,  of  heart  disease,  particularly  valvular  insufficiency  and  fatty 
heart,  of  atheromatous  degeneration  of  the  arteries,  of  alcoholism,  of 
great  weakness  from  loss  of  blood,  of  nephritis,  diabetes,  epilepsy, 
many  diseases  of  the  brain,  etc.,  one  must  be  very  careful  in  the  use 
of  anaesthetics,  and  one  must  decide  in  each  case  whether  the  narcosis 
is  justifiable.  In  diseases  of  the  heart  ether  should  always  be  used  in 
preference  to  chloroform. 

If  possible,  the  patient's  stomach  should  be  empty,  since  otherwise 
the  vomiting,  which  so  easily  occurs,  will  disturb  the  quiet  progress  of 
the  narcosis  and  of  the  operation ;  moreover,  the  movements  of  the 
diapliragm  during  the  narcosis  are  interfered  with  when  the  stomach 
is  distended.  Therefore,  without  exception,  patients  should  be  for- 
bidden  to  take  solid  food  for  from  three  to  four  hours  before  the  opera- 
tion. In  England  and  America  it  is  customary  to  give  stimulants, 
especially  to  weak  patients,  before  the  narcosis.  Poncel  gives  repeated 
hypodermic  injections  before,  during,  and  after  chloroform  anaesthesia 
of  four  cubic  centimetres  of  diluted  cognac  at  a  temperature  of  38®  C. 
(one  part  cognac  to  tw^o  parts  water).  The  administration  of  alcohol 
in  some  form  by  mouth  before  beginning  the  anaesthetic  is  simpler, 
and  is  particularly  desirable  in  the  case  of  alcoholic  patients.  For 
a  description  of  morphine-chloroform  anaesthesia  and  oxysparteine- 
morphine-chloroform  anaesthesia,  the  reader  is  referred  to  page  46. 
I  shall  merely  mention  here  that  I  always  inject  morphine  ten  to  twenty 
minutes  l>efore  beginning  the  chloroform  or  ether  in  adults.  In 
many  operations,  particularly  those  in  the  peritoneal  cavity  and  about 
the  region  of  the  anus,  etc.,  the  intestine  should  be  previously  emptied 
by  a  laxative  or  enema. 

The  patient  should  be  clothed  as  lightly  as  possible,  with  no  con- 
striction in  the  region  of  the  neck,  thorax,  or  abdomen  which  interferes 
with  respiration,  and  the  thorax  pliould  be  lificovered  so  that  the  respir- 
atory movements  can  be  watched.  Care  must  be  taken  not  to  allow 
the  ])atient  to  become  chilled,  as  marked  lowering  of  the  blood  pressure 
with  fatal  collapse  may  result.  For  the  same  reason,  the  operating 
room  must  be  kept  moderately  warm.     Too  high  a  temperature  in  the 
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room  is  tx)  be  avoided,  as  it  likewise  causes  a  lowering  of  the  blood 
presgQre  (Allen).  In  suitable  cases,  operating  tables  that  can  be  heated 
are  used  (see  page  7).  False  teeth  and  plates  must  be  removed  from 
the  mouth.  In  order  to  diminish  the  dangerous  reflex  action  of  the 
heart,  produced  through  the  branches  of  the  trigeminal  nerve  within 
the  nose,  Guerin  has  advised  that  the  nostrils  be  closed  with  cotton, 
some  form  of  clamp,  or  the  fingers,  so  that  the  patient  breathes  only 
through  the  mouth.  To  accomplish  the  same  purpose,  Eosenberg 
recommends  cocainisation  of  the  interior  of  the  nose  by  means  of  a 
spray.  He  uses  0.02  of  a  ten-per-cent.  solution,  and  three  minutes 
later  (».01  in  each  nostril.  If  the  aneesthesia  has  to  be  much  prolonged 
he  repeats  the  cocainisation  every  half  hour.  Gerster  tested  this  pro- 
cedure in  one  hundred  cases,  and  found  it  efficient  except  in  alcoholic 
patients.  During  the  stage  of  excitement,  in  the  first  part  of  the  nar- 
cosis, I  fasten  the  patient  to  the  operating  table  by  means  of  a  leather 
strap  passed  over  the  thighs.  The  horizontal  position  is  usually  em- 
ployed, with  the  head  slightly  raised. 

In  giving  ether,  the  patient's  head  should  be  inclined  somewhat 
backward  or  downward,  to  prevent  the  mucus  that  collects  in  the 
mouth  and  throat  from  being  aspirated  into  the  lungs,  causing  pneu- 
monia. In  operations  on  the  face,  in  the  mouth,  throat,  or  nose,  the 
blood  is  prevented  from  entering  the  trachea  by  using  the  morphine- 
chloroform  anaesthesia  (see  page  45,  Mixed  Xareosis),  or  by  operating 
with  the  patient  sitting  up  with  the  head  held  forward,  or  lying 
dovm  with  the  head  hanging  back  over  the  edge  of  the  table.  In  oper- 
ating on  the  patient  in  a  sitting  posture,  one  must  guard  against  fatal 
syncope  from  cerebral  amemia. 

If  the  operation  must  be  performed  \vith  the  patient  lying  upon  his 
abdomen  or  side,  it  will  be  necessary  to  watch  the  resj)iration  and 
heart  action  with  great  care.  In  order  to  have  good  control  over  the 
narcosis,  and  in  case  of  accidents,  one  should  never  administer  chloro- 
form without  the  presence  of  an  assistant ;  in  case  death  should  occur 
from  chloroform,  as  well  as  for  other  reasons,  it  is  well  to  have  a  wit- 
ness present. 

When  the  narcosis  is  to  begin  the  patient  should  be  quieted  by  a 
few  words.  It  is  important  that  the  patient's  surroundings  should  be 
quiet,  and  any  excitement  on  his  part  is  to  be  avoided.  For  this  reason 
he  should  be  spared  as  far  as  possible  the  shock  of  seeing  the  instru- 
ments and  other  preparations  for  the  operation.  While  inhaling  the 
chloroform  he  should  be  made  to  count  out  loud  slowly,  in  order  that 
the  breathing  may  be  regular  and  the  gradual  effect  of  the  chloroform 
may  be  watched. 
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Fiu.  19.— Esmirch  nieChoil  of  tdmiDuUnn);  chlorofomi. 


CJtloroform  may  be  adminiBtered  in  case  of  emergency  by  pouring 
it  upon  a  sponge  or  a  folded  cloth  placed  over  tbe  face.  It  is  better, 
however,  to  ubc  a  special 
mask,  such  ae  the  one 
shown  in  Fig.  19.  This 
consists  of  a  wire  frame 
covered  with  porous 
woollen  clotb  or  thin 
flannel. 

Lately  I  have  been 
using  the  excellent  chlo- 
roform mask  which  I 
saw  used  in  Kocher's  clinic.  The  wire  frame,  which  is  easily  sterilised, 
is  made  of  two  pieces,  A  and  S  (Fig,  2U),  which  fold  together  on 
R  hinge,  inclosing 
between  them  a 
piece  of  compress 
which  has  been 
previously  spread 
out  on  the  frame 
A,  Kosenberg 
has  devised  a 
chloroform  mask 
with  a  graduated 
bottle  attached. 
Masks    made    of 

glass,  which  allow  the  antesthetist  to  watch 
the  patient's  face,  have  also  been  employed.  In  administering  chloro-^" 
fonn,  care  must  be  taken 
not  to  allow  the  patient  to 
inhale  the  vapour  in  too 
concentrated  a  form,  but 
to  peniiit  a  suitable  ad- 
mixture with  atmospheric 
air.  For  this  reason  the 
chloroform  should  not  be 
poured  on  the  mask  too 
aliundiintly,  and  the  mask 
should  not  lie  pressed 
down  too  tightly  over  the 
face.  It  should  be  ad- 
ministered in  drops,  bat 


Fio.  20.— Clilorofonn 
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coDtinuonsl;.  For  this  purpoBe  the  dropper  shown  in  Fig.  22  may  be 
stiacbed  to  any  bottle.  If  the  chloroform  is  poured  out  too  freeiy  it 
not  infrequently  runs   on  to  the  ^.., 

neck  and  chest,  and  can  cause  a 
^Tery  troublesome  erythema  or 
born.  So  it  is  best  to  lay  a  light 
compresB  on  the  neck  of  the  pa- 
tient, and  to  place  a  piece  of  cot- 
ton or  a  email  sponge  on  the  inner 
Eorface  of  the  eloth  which  covers 
the  apparatus. 

Several  forms  of  apparatus 
bsve  been  devised  for  mixing  the 
chloroform  vapour  with  a  known 
proportion  of  air,  a  matter  which 
is  of  great  importance  (Bert,  Kro- 
Dei;ter,  P^an,  Thiriar,  Kappeler). 
One  of  the  beet  of  these  is  Junker's  (Fig. 
is  u  follows : 


1.  22.— Chloroforai-di 
CHpillary  tube 
uiiull  tube  h  adi 


,  the  description  of  which 


Tha  CUorofimn  Appuattu  of  Jtuiker  and  Kappeler.— The  flask  Fis  filled 
to  about  one  third  with  chloroform,  and  is  fastened  by  a  hook  to  a  button- 
hole on  the  chlorofonner's  coat.  By  pressing'  the  rubber  bulb  B  a  mixture 
of  chioroform  and  air  is  supplied  to  the  patient  The  moutltpjece  which  the 
patient  wean  is  connected  with  the  flafik  f  by  a  rubber  tube,  »ud  is  made 
or  liud  rubber  or  nickel-plated  metal,  with  incisures  to  fit  the  nose  and  chin, 
over  each  of  which  there 


I   valv» 


to   bIIoi 


for 


expiration,  and  two  other 
valves  which  can  beclosed 
or  opened  to  admit  air, 
thus  permitting'  the  chlo- 
roform-air mixture  to  be 
further  diluted.  Both  of 
the  latter  valves  are  placed 
at  the  junction  of  the 
mouthpiece  with  the  tube 
from  the  Hask  F.  The  ex- 
piratory valve  is  situated 
in  the  other  and  smaller 
of  tbe  atlachmenta  to  the  mouthpiece.  Kappeler  has  lately  madihed  the 
Junker  apparatus  so  as  to  allow  the  chloroform  to  be  mixed  with  air  in 
a  definite  proportion.  He  recommends  the  proportion  of  10,17  grammes  of 
chloroform  to  100  litres  of  air  (nee  page  36).  Wiskemann's  appiirutus  like- 
wige  makes  it  possible  to  administer  chlorofonn  in  a  definite  amount  and 
proportion. 


«.  i*. — Junker's  ■pparalua  for  ailniinisWriDg  chloroforn 
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Suitable  instruments  should  be  ready,  in  case  at  any  tiiue  during 
the  narcosis  it  may  be  necessary  to  forcibly  open  the  mouth  and  pull 
forward  the  tongue,  which  may  have  fallen  back  and  plugged  the 
pharynx.  A  wedge-shaped  piece  of  wood  is  the  simplest  instrument 
for  forcibly  opening  the  mouth,  though  Ileister  and  Roser  have  devised 
special  instruments  for  this  purpose.  Ileister's  is  represented  as  open 
in  Fig.  24.  By  turning  the  thumb-screw  and  separating  the  two  bars 
which  lie  in  contact  when  the  instrument  is  closed,  the  jaws  are  forced 
apart.     Roser's  mouth-gag  is  illustrated  in  Fig.  25  as  it  appears  when 


Flo.  24. — IleiKter'a  mouth 
bpeculum. 


Fio.  25. — Roscr's  niouth-jrag. 


Fig.  ii'>. — Fonieps  for  druwinfl: 
the  ton«rue  forward. 


opened.  In  Fig.  2*»  is  shown  an  ex(*eHent  form  of  forceps  for  seizing 
and  drawing  out  the  tongue  ;  one  of  these  should  be  fastened  in  a 
buttonhole  of  the  chloroformer's  coat. 

During  the  progress  of  the  narcosis  the  condition  of  the  pulse, 
respiration,  pupils,  and  the  colour  of  the  face  must  all  be  carefully 
watched.  It  is  important  that  the  patient's  arms  and  shoulders  should 
be  properly  placed  during  an jesthetisation.  Paralysis  of  the  arm,  chiefly 
in  the  distribution  of  the  musculo-sj>iral,  but  also  of  the  median  and 
ulnar  nerves,  may  result  from  forcible  abduction  or  liyperextension  of 
the  arm,  which  causes  the  bra<!hial  plexus  to  be  compressed  between 
the  clavicle  and  first  rib  or  between  the  former  and  the  transverse 
process  of  the  sixth  or  seventh  cervical  vertebra.  In  rare  cases — e.  g., 
when  the  reflexes  are  increased — these  paralyses  have  a  central  origin 
and  are  caused  l)v  the  chloroform.  The  prognosis  of  these  paralyses  is, 
generally  speaking,  favourable,  but  recovery  often  refjuires  a  long 
time.  The  physician  admiiiistiM'ing  the  ana^-^thetic  should  have  noth- 
ing else  to  do,  and  should  let  nothing  divert  his  attention  from  his 
duties. 
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Decomposition  of  Chloroform  Vapour  by  the  Flame  of  a  Oas-light — When 

the  vapour  of  chloroform  comes  in  contact  with  the  flame  of  a  gas-jet  there 
are  formed  tetrachloride  of  carbon,  hydrochloric-acid  gas,  and  free  chlorine 
iBosshard),  the  latter  being  two  gases  which  accortling  to  Stobwasser,  when 
inhaled  by  rabbits  and  guinea  pigs,  may  cause  death  from  oedema  of  the  lungs 
and  haemorrhages  into  the  lung  substance.  According  to  Kunkel,  the  hydro- 
chloric acid  is  the  chief  cause  of  the  discomfort  experienced  in  using  chloro- 
form by  candle  and  lamp  light.  He  found  chlorine  only  in  small  amounts, 
which  were  probably  set  free  by  the  decomposition  of  hydrochloric  acid. 

Zweifel  has  observed  bronchitis  and  pneumonia  following  the  administra- 
tion of  chloroform  by  gas-light,  on  account  of  the  decomposition  of  the  chlo- 
^>fo^m;  and  he  himself  lost  a  patient  from  catarrhal  pneumonia.  The 
fumes  are  often  so  strong  as  to  make  everybody  in  the  operating  room  cough. 
To  overcome  this  difficulty,  Kunkel  recommends  abundant  ventilation,  or, 
if  this  is  not  possible,  as,  for  example,  during  a  laparotomy,  the  use  of  a  spray 
or  saturation  of  cloths  with  water,  milk  of  lime,  soda,  or  borax,  to  absorb  the 
hydrochloric  acid.  The  best  way  of  getting  about  the  difficulty  is  to  use 
Junker's  apparatus  or  ether. 

§  10.  Symptomatology  of  Chloroform  Narcosis. — The  symptoms  of 
clJorofonn  narcosis  have  been  divided  into  separate  stages,  which, 
though  not  sharply  defined  from  one  another,  are  each  very  different. 
They  are  (1)  the  stage  of  volition,  (2)  the  stage  of  excitement,  and  (3) 
the  stage  of  tolerance.  Kappeler  speaks  of  two  stages:  one  of  con- 
sciousness, and  the  other  of  unconsciousness. 

Sometimes,  particularly  in  the  ease  of  weak  and  exhausted  individ- 
uals, the  chloroform  sleep  comes  on  without  any  intermediate  stage, 
but  as  a  rule  it  is  preceded  by  a  well-marked  stage  of  excitement.  The 
patient  l)eeomes  restless,  and  begins  to  talk,  cry  out,  shout,  sing,  laugh, 
weep,  ete.  Many  patients  fling  their  arms  and  legs  about,  try  to  get 
np,  and  act  as  though  insane,  (xradually  the  movements  of  the  arms 
and  legs  cease ;  they  become  limp ;  the  face,  which  has  usually  hitherto 
been  purple,  now  becomes  pale ;  the  pupils  are  contracted,  and  no  longer 
react  to  light  or  mechanical  stimulation ;  the  pulse  becomes  distinctly 
slower,  the  respiration  quiet,  regular,  and  at  times  rather  shallow ;  the 
patient  is  completely  insensible,  and  the  operation  can  begin. 

The  skill  of  the  chloroformer  consists  in  keeping  the  patient  in  this 
stage  of  the  narcosis  throughout  the  operation,  permitting  him  neither 
to  awake  nor  to  be  overcome  by  a  fatal  paralysis  of  respiration  or  of 
the  heart.  The  behaviour  of  the  pupils,  the  pulse,  and  the  respiration 
most  be  carefully  watched. 

When  the  anaesthesia  is  complete,  the  pupils,  which  so  long  as  con- 
sciousness was  not  entirely  lost  began  slowly  to  dilate,  now  become  con- 
tracterl.  By  touching  the  cornea  their  degree  of  dilatation  will  nut  be 
affected,  since  the  cornea  is  without  sensation.     Sudden  dilatation  of 
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the  papilB  daring  the  narcosis  is  a  dangerous  symptom,  indicating  a 
threatened  fatal  cardiac  paralysis.  At  times,  in  deep  chloroform  nar- 
cosis, there  occurs  an  asymmetrical  movement  of  the  eyeballs.  In 
such  cases,  while  one  eye  may  remain  looking  steadily  forward,  the 
other  may  turn  slowly  inward,  outward,  or  upward.  In  other  cases 
both  eyes  may  turn  either  in  opposite  directions  or  varying  distances 
in  the  same  direction.  The  occurrence  of  asymmetrical  movements  of 
the  eyes  is  a  sure  indication  of  deep  narcosis ;  the  co-ordination  of  the 
ocular  movements  returns  when  the  patient  awakes. 

The  heart's  action  is  increased  at  the  beginning  of  the  chloroform 
narcosis,  and  the  pulse  becomes  more  rapid ;  but  with  the  loss  of  sensi- 
u  bility  coincident  with  contraction  of  the  pupils  and  the  paralysis  of  the 
voluntary  muscles,  the  heart's  action  becomes  weaker  and  the  frequency 
of  the  pulse  falls  below  the  normal.  Kappeler  found  that  the  frequency 
of  the  pulse,  a  few  hours  before  narcosis,  differed  by  from  four  to  thirty 
beats,  as  compared  with  that  during  the  narcosis. 

The  pulse  curves  obtained  by  the  sphygmograph  teach  that  chloro- 
form lowers  the  arterial  pressure,  and  this  is  of  great  importance  for 
the  explanation  of  the  deaths  from  chloroform.  Ether  has  the  oppo- 
site effect— it  raises  the  blood  pressure  and  the  pulse  becomes  stronger. 
Hand  in  hand  with  the  slowing  of  the  circulation  and  the  diminution 
of  the  blood  pressure  there  is  a  loss  of  body  temperature,  which,  ac- 
cording to  the  measurements  of  Kappeler,  amounts  to  between  0.2^  to 
l.l*'  C,  or  an  average  of  0.59®  C. 

The  behaviour  of  respiration  varies  greatly  with  the  individual,  but 
^  both  the  frequency  and  the  depth  of  the  breathing  diminish  as  the 
administration  of  the  chloroform  is  prolonged.  Chloroform  acts  locally 
upon  the  nerves  of  the  respiratory  tract,  as  well  as  on  the  respiratory 
centre.  In  any  stage  of  chloroform  narcosis,  particularly  in  the  first, 
there  may  be  a  cessation  of  respiration,  or  its  normal  course  can  be 
seriously  interfered  with  by  the  tongue  falling  back  against  the  posterior 
wall  of  the  pharynx.  Retching  or  vomiting  is  of  frequent  occurrence 
during  all  stages  of  chloroform  narcosis,  but  particularly  in  tlie  first,  if 
the  patient  has  had  sometliing  to  eat  a  short  time  previously. 

Loss  of  sensation  occurs  first  in  the  back  and  extremities,  later  in 
the  genitalia,  then  in  the  face  and  head,  and  finally  in  the  cornea,  with 
its  abundant  nerve  supply,  and  after  the  termination  of  the  narcosis 
sensation  returns  to  these  parts  in  the  reverse  order. 

At  the  close  of  the  operation  the  patient  should  be  carried  as  soon  as  pos- 
sible into  another  well-aired  and  well-warmed  room,  and  should  be  carefully 
wtitche<l  until  he  has  rc'turned  to  complete  consciousness.  Elimination  of 
the  chloroform  takes  place  more  quickly  in  a  warm  than  in  a  cold  room. 
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The  recovery  from  the  narcosis  occurs  rather  quickly,  with  a  sud- 
den dilatation  of  the  pupils. 

Many  patients  after  awakening  act  as  though  drunk.  Women,  in  par- 
licular,  are  apt  to  be  excited,  and  weep,  or  perhaps  have  serious  fits  of  hic- 
coughing and  hysterical  crying.  Others,  particularly  children,  after  awak- 
ening fall  asleep  again,  while  still  others  cause  anjciety  by  remaining  asleep 
for  a  long  time. 

To  prevent  vomiting,  which  very  often  occurs  after  anaesthetisation, 
the  patient  should  get  very  little  to  drink.  For  the  severe  thirst  fre- 
quent rinsing  of  the  mouth  with  e-old  water  is  verj'  serviceable.  Not 
infrequently  the  vomiting  is  severe  during  the  first  twelve  to  twenty- 
four  or  even  forty-eight  hours  after  the  narcosis.  In  such  obstinate 
cases  an  ice-bag  should  be  laid  on  the  back  of  the  neck  and  over  the 
stomach,  and  strong  black  coffee,  or  iced  champagne,  or  small  pieces  of 
ice  may  be  given  at  intervals  by  mouth,  and  as  a  last  resort  a  subcuta- 
neous injection  of  morphine  may  be  administered  in  the  region  of  the 
gtomach.  Neuber  uses  a  subcutaneous  injection  of  caffeine  two  or 
three  times  a  day  (0.03  caffeine  in  a  solution  of  1.0  caffeine  with  12.5 
each  of  distilled  water  and  alcohol).  Too  much  water  and  ice  increase 
the  vomiting,  and  so  should  be  avoided. 

§  11.  Aoddenti  Occurring  during  Chloroform  Narcosis. — 1.  Vomiting. 
—Retching  or  actual  vomiting  may  occur  at  any  stage,  but  especially 
before  the  complete  loss  of  consciousness  and  toward  the  close  of  the 
narcosis.  If  the  stomach  is  full,  vomiting  regularly  takes  place.  Oc- 
casionally death  has  been  caused  by  asphyxia,  due  to  the  inhalation  of 
stomach  contents.  During  the  act  of  vomiting  the  patient  usually  re- 
covers consciousness,  thus  causing  the  narcosis  and  the  operation  to  be 
prolonged.  When  vomiting  occurs  the  head  of  the  patient  should  be 
turned  to  one  side,  and  if  the  ii.outh  is  tightly  closed  it  must  be  opened 
by  force  with  one  of  the  instruments  illustrated  on  page  26. 

2.  Anm7i<Uies  of  Jfes/nration.—lrregnleir  respiratory  movements 
are  generally— in    fact   almost   always— to   be  expected   during  the 

narcosis. 

In  the  beginning  of  the  latter  there  is  not  infrequently  a  cessation 
of  respiration  in  expiration,  generally  accompanied  by  a  spasmodic 
closure  of  the  glottis.  As  has  been  mentioned  on  page  28,  this  tem- 
porary apnoea  is  caused  reflexly  by  the  chloroform  vapour  coming  in 
contai-t  with  the  end  filaments  of  tlie  fifth  nerve  in  the  nasal  mucous 
membrane.  But  the  danger  is  greater  if  respiration  stops  during  the 
stage  of  excitement,  giving  the  characteristic  picture  of  asphyxiation  : 
the  thorax  is  as  stiff  as  a  l)oard,  the  jaws  are  tightly  closed,  the  tongue 
is  drawn  back  against  the  posterior  pharyngeal  wall,  pressing  down 
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the  epiglottis,  and  so  closing  the  larynx,  while  the  face  becomes  bluish 
red.  Under  these  circumstances  death  can  result ;  but  such  a  picture 
should  cause  no  alarm  in  one  who  is  experienced,  as  this  disturbance 
in  the  respiration  can  be  easily  remedied.  After  the  stage  of  excite- 
ment has  passed,  and  the  patient  is  fully  under  the  influence  of  chloro- 
form, respiration  can  be  easily  interrupted  by  the  tongue  falling  back- 
ward of  its  own  weight,  pushing  down  the  epiglottis,  and  thus  closing 
the  entrance  into  the  larynx.  The  bluish-red  colouration  of  the  face 
in  such  cases  calls  attention  to  an  interruption  in  the  respiration.  In 
other  cases  the  disturbances  of  respiration  are  caused  by  paralysis  of 
the  respiratory  centre,  due  to  the  action  of  the  chloroform  vapour. 

Linhart  saw  a  singular  cause  for  the  asphyxia  in  a  girl  who  had  a  very 
pointed  nose  and  extremely  thin  alae  nasi.  The  latter  were  pressed  tightly 
against  the  septum  on  both  sides  by  atmospheric  pressure  during  inspiration 
and  thus  closed  the  anterior  nares,  and  at  the  same  time  the  mouth  could 
not  be  opened,  owing  to  trismus.  The  ala?  were  pried  apart  with  a  penknife 
and  air  rushed  into  the  nose,  making  a  distinctly  audible  noise.  Other  sur- 
geons have  observed  the  same  phenomenon. 

3.  Distwrhances  in  the  Cireidation, — These  are  extremely  danger- 
ous, and  sometimes  occur  at  the  beginning  of  the  narcosis,  but  more 
frequently  after  the  administration  of  chloroform  has  been  kept  up 
some  time ;  in  other  words,  in  the  stage  of  tolerance  or  deep  narcosis. 
No  matter  whether  the  respiration  is  normal  or  not,  if  the  radial  pulse 
becomes  intermittent  and  the  face  pale  there  is  need  of  the  greatest 
care  to  prevent  the  threatened  syncope  from  proving  fatal.  It  occurs 
sometimes  quite  suddenly  and  without  warning,  and  the  impending 
danger  is  not  foretold  by  irregularity  of  the  pulse.  In  a  case  of  chloro- 
form syncope  the  face  turns  very  suddenly  waxy  white  and  corpselike, 
the  cornea  becomes  dull,  the  pupils  are  dilated  to  their  fullest  extent 
and  do  not  react,  the  radial  pulse  can  not  be  felt,  the  heart  sounds  are 
very  faint  or  inaudible,  blood  ceases  to  flow  from  the  divided  arteries, 
or  the  blood  that  does  flow  out  is  in  the  form  of  a  few  dark  drops,  the 
muscles  become  flabby,  and  respiration  ceases.  This  is  the  picture  of 
cardiac  paralysis.  Energetic  measures  must  be  adopted  at  once,  other- 
wise the  patient  is  lost  (see  §  13). 

§  12.  The  Occurrence  and  Causes  of  Death  from  Chloroform. — The 
number  of  published  deaths  due  to  chloroform  does  not,  of  course, 
give  any  idea  of  their  frequency.  The  fatal  cases  are  much  too  often 
kept  quiet. 

Legal  Besponsibility  of  the  Physician  in  Cases  of  Death  during  Nar- 
cosis.— Borntrager,  E.  Hankel,  and  Dumont  have  made  noteworthy 
contributions  to  the  subject  of  the  legal  responsibility  of  the  physician 
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in  the  aduiinistration  of  chloroform  and  other  ansesthetics ;  and  Duniont 
maintains  that  the  physician  is  answerable  for  a  death  when  he  admin- 
isters ether  to  a  patient  with  pulmonary  disease,  and  chloroform  to  one 
with  a  cardiac  lesion.  I  should  not  consider  this  assertion  of  much 
legal  value,  as  a  correct  decision  can  only  be  reached  after  considera- 
tion of  each  case  by  itself. 

Death  from  chloroform  occurs  in  most  cases  suddenly  during  the 
administration  of  the  same.  Sometimes,  however,  it  does  not  take 
place  until  one  or  more  days  afterwards,  in  spite  of  the  fact  that  the 
patient  has  come  out  of  its  influence.  This  is  likely  to  be  the  case 
when  the  narcosis  has  been  prolonged,  or  has  been  repeated  a  number 
of  times  at  short  intervals.  These  cases  are  characterised  by  frequent 
and  severe  vomiting,  high  pulse  rate,  psychical  disturbances,  and  symp- 
toms of  collapse,  during  which  death  takes  place  more  or  less  suddenly. 

Statistics  of  Death  from  Chloroform.— The  statistics  showing  the  fre- 
quency of  death  from  chloroform  vary  very  widely.  Rendle  (London)  esti- 
mates the  mortality  of  chloroform  anaesthesia  at  1  to  2,666,  and  Zachrisson  at 
1  to  3.045.  Richards  found  the  ratio  for  eight  English  hospitals  from  1848 
to  1864  to  be  1  to  17,000,  and  from  1865  to  1869  1  to  1,250.  There  is  a  very 
noticeable  difference  in  the  statistics  of  the  various  hospitals. 

In  one  hospital  a  long  interval  of  time  will  pass  with  a  great  number  of 
cases  of  chloroform  narcosis  without  a  single  death,  while  in  another,  in  the 
same  time  and  with  the  same  number  of  cases,  there  are  several  accidents. 
This  variation  in  the  proportion  of  chloroform  deaths  in  this  or  that  hos- 
pital can  be  partly  explained  by  the  greater  or  less  skill  of  the  one  intrusted 
with  the  administration  of  the  drug. 

Rendle  estimates  the  number  of  people  chloroformed  yearly,  in  the 
twenty  hospitals  in  London,  at  8,000,  with  about  three  deaths,  or  1  in  2,666. 

Billroth  had  his  first  fatal  case  after  giving  chloroform  12,500  times. 
Nussbaum  gave  it  15,000  times  without  a  death. 

The  mortality  statistics  of  the  Deutsche  Gesellschaft  fiir  Chirurgie  showed 
in  1897  a  total  of  327,593  narcoses  and  134  deaths— i.  e..  a  ratio  of  1  to  2,444. 
The  mortality  of  the  different  anaesthetics  used  was  as  follows  :  Chloroform, 
1  death  in  2,039 :  ether,  1  in  5.090  (pneumonia  resulted  frequently — in  1895, 
out  of  .30  cases  of  pneumonia  15  died) ;  Billroth 's  chloroform-ether-alcohol 
mixture  (see  page  46),  1  in  3,870 ;  bromethyl,  1  in  5,228 :  ether  and  chloro- 
form, 1  in  7,594 ;  pental,  1  in  213.  This  anaesthetic  is  not  found  in  the  reports 
of  the  later  years.    It  has  probably  been  given  up  entirely. 

The  mortality  from  chloroform  as  well  as  from  ether  is  higher  than 
reported,  as  so  many  fatal  cases  are  kept  quiet.  Though  there  are  great  dif- 
ferences in  the  statistical  reports  regarding  the  mortality  of  chloroform,  one 
fact  is  certain — viz.,  that  chloroform  anaesthesia  is  not  without  danger,  and 
hence  should  be  employed  only  when  absolutely  necessary.  When  possible, 
local  anaesthesia,  which  is  practically  without  danger,  should  be  substi- 
tuted. According  to  the  above  statistics,  the  combined  anaesthesia,  with 
chloroform  and  ether,  is  the  least  dangerous. 
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To  get  a  better  knowledge  of  the  causes  of  death  from  chloroform,  Kap- 
peler  collected  the  records  of  one  hundred  and  one  cases,  seventy-eight  of 
which  were  men  and  twenty-two  women  ;  in  one  case  the  sex  was  not  men- 
tioned. Of  these  one  hundred  and  one,  forty-three  died  before  the  full  effect 
of  the  chloroform  was  obtained,  forty-seven  in  deep  narcosis,  and  in  eleven 
the  particular  stage  of  the  narcosis  is  not  mentioned.  The  amount  of  chloro- 
form used  is  known  in  forty-six  cases,  and  it  was,  as  a  general  thing,  small, 
averaging  11.1  grammes,  the  smallest  amount  being  twenty  drops,  and  the 
most  thirty  to  sixty  grammes.  Very  diverse  methods  of  administering  the 
chloroform  were  used,  such  as  sprinkling  it  on  simple  pieces  of  cloth,  cotton, 
or  the  regular  apparatus  of  Skinner,  Esmarch,  and  others.  As  to  the  age  of 
the  patients  who  were  operated  upon  for  different  diseases,  two  died  under 
five  years  of  age,  twelve  between  the  ages  of  five  and  fifteen,  nineteen  be- 
tween sixteen  and  thirty,  twenty-one  between  thirty-one  and  forty-five, 
twenty-five  between  forty-six  and  sixty.  Of  those  over  sixty  years  of  age 
one  died.    In  twenty-one  cases  the  age  is  not  given. 

Caufles  of  Death  firom  Chloroform. — The  causes  of  death  from  chloroform 
are  very  varied,  and  frequently  the  chloroform  is  not  to  blame  at  all.  If  a 
patient  chokes  from  aspirating  vomitus  into  the  trachea  and  bronchi,  or 
from  getting  a  set  of  false  teeth  into  his  larynx  during  the  chloroform  narco- 
sis, this  sort  of  death  is  plainly  not  due  to  the  chloroform.  A  certain  num- 
ber of  sudden  deaths  take  place  even  before  the  administration  of  the  chloro- 
form has  been  begun.  Desault,  for  instance,  was  about  to  perform  a  lithot- 
omy, and,  to  demonstrate  to  the  spectators  his  line  of  incision,  drew  his 
finger-nail  over  the  patient's  perinasum,  whereupon  the  latter  suddenly 
uttered  a  loud  cry  and  died  instantly.  Cazenave  was  going  to  perform  an 
amputation,  but  the  patient  was  in  such  a  state  of  nervous  depression  that  he 
did  not  venture  to  give  him  chloroform,  and  only  pretended  to  do  so  by 
holding  a  cloth,  with  nothing  on  it,  over  his  face.  Suddenly  his  respiration 
stopped,  his  heart  ceased  to  beat,  and  the  patient  was  dead.  The  first  patient 
to  whom  Simpson  attempted  to  administer  chloroform  died  under  similar 
circumstances.  The  attendant  who  was  to  bring  the  chloroform  into  the 
operating  room  stumbled,  fell,  and  broke  the  bottle  containing  the  drug, 
and  spilled  all  the  chloroform  on  the  floor.  The  operation,  which  was  for 
hernia  (herniotomy),  had  to  be  performed  without  chloroform,  and  at  the 
first  incision  through  the  skin  the  patient  died.  It  is  difficult  to  give  a  satis- 
factory explanation  for  these  sudden  deaths.  They  are  probably  the  result 
of  a  syncope  due  to  the  intense  nervous  excitement  Sudden  deaths  during 
the  administration  of  chloroform  also  occur  in  youn^  individuals  from 
twelve  to  thirty  years  of  age  with  a  lymphatic  and  chlorotic  constitution 
(hyperplasia  of  the  thymus,  enlargement  of  the  spleen  and  lymph  glands, 
etc. — status  thyniicus).  Furthermore,  in  cases  which  must  be  operated  upon 
after  having  lost  a  great  deal  of  blood,  if  death  occurs  from  cardiac  paralysis 
during  the  administration  of  the  chloroform,  it  is  not  to  be  put  down  to  the 
ana?sthetic.  We  must  separate  all  these  cases  of  death  occurring  during  the 
narcosis  from  the  cases  of  death  really  caused  by  chloroform.  In  the  latter, 
death  is  caused  principally  by  paralysis  of  the  heart  (syncope)  or  paralysis 
of  respiration  (asphyxia).  In  cases  of  death  from  synco])e,  the  hearths 
action  ceases  before  or  ahiiost  at  the  same  time  that  respiration  does ;  but 
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io  cases  of  death  from  asphyxia  the  respiration  ceases  first,  and  the  heart's 
action  afterwards.  In  any  case,  whether  the  result  of  syncope  or  asphyxia, 
death  can  occur  before  or  during  the  time  that  the  full  effect  of  chloroform 
is  obtained,  and  therefore  at  the  beginning  or  at  any  period  of  the  narcosis 
proper. 

Of  the  twenty-three  cases  of  death  from  syncope  which  Kappeler  col- 
lected, fourteen  patients  were  completely  and  nine  partially  chloroformed. 
Death  from  asphyxia  occurred  ten  times  during  complete  and  seven  times 
during  partial  narcosis.  If  death  occurs  in  the  first  part  of  true  narcosis, 
and  therefore  before  the  full  effect  of  chloroform  has  been  obtained,  the 
cessation  of  respiration,  or  the  cessation  of  the  heart's  action,  is  in  all  prob- 
ability dependent  upon  the  trigeminus- vagus  reflex,  as  mentioned  on  page 
20.  Death  from  asphyxia  in  the  stage  of  incomplete  narcosis  may  also  be 
caused  by  spasmodic  retraction  of  the  tongue  over  the  entrance  of  the  larynx, 
or  by  spasm  of  the  abdominal  muscles  or  of  the  diaphragm.  Death  from 
chloroform  in  the  stage  of  deep  narcosis  is  caused  by  the  direct  paralysis  of 
tlie circulatory  and  respiratory  centres  in  the  medulla  oblongata;  but  death 
from  asphyxia  during  this  same  stage  can  also  occur  if  the  tongue  falls  back 
ever  the  entrance  into  the  larynx. 

When  death  occurs  with  the  patient  fully  under  the,  influence  of  chloro- 
form, it  is  usually  the  result  of  heart  failure.  The  blood  pressure  falls  because 
the  heart  action  weakens,  but  not  from  paralysis  of  the  vaso-motor  centre. 
The  latter  seems  to  withstand  the  paralysing  action  of  chloroform  better 
than  the  nervous  mechanism  of  the  heart,  particularly  if  it  obtain  sufiicient 
oxygenated  blood.  The  same  seems  to  be  true  of  the  respiratory  centre,  and 
the  peripheral  nerves  in  the  lungs  (pneumogastric).  If,  however,  the  blood, 
in  consequence  of  impaired  breathing,  is  overloaded  with  carbonic  acid,  fatal 
paralysis  of  the  vaso-motor  and  respiratory  centres  can  more  easily  occur 
(Evans).  The  theory  advanced  by  Robin  and  Chapman  that  chloroform 
kills  by  extracting  oxygen  from  the  blood,  or  preventing  its  being  taken  up 
by  the  blood,  is,  according  to  KnolFs  experiments,  no  longer  tenable.  A 
fatal  outcome  is  favoured  by  an  impure  preparation,  by  the  use  of  too 
concentrated  a  mixture  of  air  and  chloroform,  by  individual  peculiarities  of 
the  patient  and  by  lack  of  skill  on  the  part  of  the  anaesthetist,  consisting 
particularly  in  failure  to  watch  the  pulse  and  respiration. 

How  far  impure  chloroform  is  responsible  for  death  in  this  or  that  case 
is  difficult  to  say.  Dangerous  methyl  compounds  (see  page  19)  are  to  be 
feared. 

It  has  been  proved  by  numerous  experiments  that  it  is  particularly 
dangerous  to  inhale  chloroform  vapour  in  too  concentrated  a  form,  and 
Snow,  Sanson,  and  the  English  committee  which  investigated  the  cases  of 
death  from  chloroform  published  an  urgent  warning  on  this  point  Lalle- 
mand,  Perkin,  and  Diupoy  showed  that  mammals  will  quickly  die  if  they 
are  made  to  breathe  a  mixture  consisting  of  8  parts  of  chloroform  to  100  of 
air,  while  they  can  safely  breathe  a  four-per-cent  mixture.  According  to 
Snow,  5  parts  of  chloroform  to  95  parts  of  air  can  be  safely  inhaled,  but 
mammals  will  die  if  the  mixture  is  made  eight  or  ten  per  cent,  by  volume. 
According  to  the  English  Chloroform  Committee,  the  drug  should  only  be 
inhaled  in  the  strength  of  three  and  a  half  to  four  and  a  half  per  cent, 
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and  never  in  tbe  form  of  concentrated  vapour,  the  latter  being  the  chief 
cause  of  the  sudden  reflex  stoppage  of  respiration  and  slowing  of  the  heart 
from  stimulation  of  the  filaments  of  the  trigeminal  nerve  in  the  nose  and 
throat 

Bert  came  to  the  same  conclusions  in  his  experiments  on  dogs.  Accord- 
ing to  him  there  are  two  limits  for  the  action  of  chloroform,  one  for  anaes- 
thesia (10  parts  of  chloroform  to  100  of  air),  and  one  for  immediate  death 
(20  to  100).  Tlie  best  plan  is  to  use  a  strong  dose  of  chloroform  to  produce 
immediate  anaesthesia,  and  then  to  continue  the  ana^thesia  with  weak  mix- 
tures of  air  and  chloroform.  Generally  speaking,  the  proper  mixture  is  8 
iT^^^grammes  of  chloroform  to  100  litres  of  ^air,  The  experiments  conducted  by 
Bert  show  that  we  use  our  anaesthetics  in  much  too  large  amounts,  and  in 
too  great  concentration. 

The  Influenoe  of  Pathological  Conditions  upon  Beath  from  Chloroform.— 
What  pathological  conditions  favour  the  occurrence  of  death  from  chloro- 
form, and  what  does  the  post-mortem  examination  teach  on  this  subject  f 
In  the  first  place  it  should  be  emphasised  that  many  individuals  without 
demonstrable  pathological  lesions  are  markedly  susceptible  to  the  injurious 
effects  of  chloroform.  Young  scrofulous  and  anaemic  persons  under  thirty 
years  of  age,  with  hypertrophy  of  the  thymus  and  the  thyroid  gland  (status 
thymicus,  Paltauf)  belong  to  this  class. 

In  general  there  may  be  mentioned,  as  dangerous  complications  of  clilo- 
roform  narcosis,  fatty  degeneration  of  the  muscles  of  the  heart,  valvular 
lesions,  atheromatous  degeneration  of  the  walls  of  the  vessels,  particularly 
of  the  coronary  arteries,  anaemia,  chiefly  as  a  result  of  excessive  loss  of  blood, 
chronic  pulmonary  disease,  such  as  emphysema,  diseases  of  the  kidney  (mor- 
bus Brightii),  and  chronic  alcoholism.  In  all  such  cases  the  narcosis  must 
be  conducted  with  the  greatest  caution.  Fatty  degeneration  of  the  muscles 
of  the  heart  is  particularly  dangerous.  Sanson  found  fatty  heart  in  eighteen 
out  of  tifty-six  cases  of  death  from  cliloroform,  and  Kappeler's  statistics  show 
it  sixteen  times  in  sixty  cases. 

Nothnagel,  Ungar,  Strassman,  and  Ostertag  have  shown  that  dogs  kept 
for  hours,  during  several  days  in  succession,  under  the  influence  of  chloro- 
form, die  from  extensive  fatty  degeneration,  the  autopsy  showing  fatty 
degeneration  of  the  heart,  liver,  kidneys,  voluntary  muscles,  stomacli,  and 
mucous  membranes.  Drunkards,  as  a  preneral  thing,  bear  the  narcosis  badly, 
and  it  is  characteristic  for  them  to  show  marked  disturbances  of  the  nervous 
and  muscular  systems,  with  threatened  cessation  of  respiration,  and  with 
great  tendency  to  collapse.  Diabetics  are  also  not  good  subjects  for  chloro- 
form or  ether.  They  die  not  infrequently  two  or  three  days  afterwards  in 
coma.  According  to  Becker,  the  acetonuria  Ca  sifrn  of  increased  amount  of 
albumen)  which  is  ])resent  plays  an  important  part  in  the  fatal  outcome  of 
this  diabetic  coma  following  ana\sthesia.  Tlie  severer  forms  of  acute  or 
chronic  anjemia  increase  the  chances  of  death  from  sjTicope.  and  it  is  well 
known  that  the  activity  of  the  central  nervous  system  depends  upon  tbe 
amount  of  blood  circulating*  throuprh  it.  and  the  proportion  of  oxygen  which 
it  contains.  If  two  animals  of  the  same  size  are  taken,  and  the  same  amount 
of  chloroform  is  ^von  to  each,  and  venesection  is  performed  upon  one,  the 
latter  will  die  before  the  other. 
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Ghloroforxn  PoiflOning. — Acute  chloroform  poisoning,  which  results  from 
drinking  large  amounts  of  chloroform,  has  been  observed,  particularly  in 
gmail  children,  but  the  children  generally  recover  with  proper  treatment — 
artificial  respiration,  washing  out  the  stomach,  etc. 

The  BeraltB  of  Autopsy  in  Cases  of  Beath  from  Chloroform.— The  au- 
topsy in  cases  of  death  from  chloroform  generally  reveals  little  that  is  char- 
acteristic, and  often  gives  no  satisfactory  explanation  of  the  cause  of  death. 
Not  infrequently,  however,  the  above-mentioned  changes  in  the  viscera  are 
present,  and  after  protracted  anaesthesia,  as  well  as  in  the  cases  that  die  from 
collapse  three  or  four  days  later,  there  are  found  fatty  degeneration  of  the 
heart,  blood-vessels,  liver,  kidneys,  and  striated  muscles.  According  to 
Luther,  these  degenerative  changes  in  the  cells  of  the  various  organs  are 
couditioned  upon  a  lecithin  degeneration  of  the  cell  protoplasm.  He  explains 
the  fatal  effect  of  the  chloroform  from  this  degeneration,  and  from  the  pi'es- 
ence  of  the  alkaloid  cholin,  which  is  derived  from  the  lecithin.  The  blood  is 
ordinarily  uncoagulated  and  dark  coloured,  but  microscopic  or  chemical 
examination  of  it  has  hitherto  given  no  satisfactory  explanation  for  death. 
It  is  worth  noting,  however,  that,  as  a  result  of  the  disturbance  of  respiration, 
the  blood  is  overloaded  with  carbonic  acid.  An  observation  made  by  Reck- 
linghausen is  interesting  in  this  connection.  In  three  cases  he  found  bubbles 
of  gas  in  the  great  venous  trunks  and  in  the  heart,  and  in  each  instance  death 
occurred  very  quickly  after  taking  a  very  small  amount  of  pure  chloroform, 
the  pulse  stopping  suddenly,  while  shallow  breathing  continued  for  a  short 
lime  afterwards.  It  could  not  be  determined  what  the  bubbles  of  gas  were, 
and  Sonnenberg  was  unable  to  elucidate  this  point  by  experiments  upon 
animals.  The  experiments  only  showed  that  nitrogen  under  certain  cir- 
cumstances is  set  free  within  the  blood-vessels.  Before  the  above  observa- 
tion was  made,  Langenbeck  and  Pirogoff  haJ  also  noticed  considerable 
amounts  of  gas  in  the  large  venous  trunks  and  in  the  right  ventricle  of  the 
heart  in  cases  of  death  from  chloroform.  Kappeler's  more  recent  researches 
have  shown  that  this  evolution  of  gas  is  not  peculiar  to  the  death  from 
chloroform,  but  is  due  to  post-mortem  changes.  If  the  gas  is  set  free  to  any 
extent  during  life,  or  if  its  presence  was  caused  by  venesection,  death  is  pro- 
duced by  mechanical  interference  with  the  heart's  action,  as  happened,  for 
example,  in  PirogofTs  case.  Mention  should  be  made  of  the  fact  that  Wino- 
padow  found  granular  degeneration  of  the  ganglia  of  the  heart  and  of  the 
nerve  cells  of  the  brain  and  the  spinal  cord  in  both  men  and  animals  after 
death  from  chloroform. 

lareotis  with  a  Mixture  of  Chloroform  and  (hLygext— J.  Neudorfer  tries 

to  explain  the  common  accidents  and  fatal  results  from  chloroform  narcosis 
in  the  following  way :  The  affinity  of  haemoglobin  for  oxygen  is  not  constant, 
and  varies  with  the  condition  of  health,  being  now  less,  now  greater,  accord- 
insrtotbe  general  vitality  of  the  individual :  and  so,  according  to  Neudorfer, 
when  this  affinity  is  weak  the  haemoglobin's  power  of  absorbing  oxygen  is 
more  influenced  not  only  by  the  oxides  of  carbon  and  nitrogen,  but  also  by 
other  gfases  and  vapours,  by  temperature,  and  by  atmospheric  pressure,  than 
when  the  affinity  is  stronger.  In  case  of  a  weak  affinity  it  is  possible  that 
the  haemoglobin  may  take  up  little  or  no  oxygen,  and  that  hence  the  chloro- 
form may  exercise  its  poisonous  action.    Neudorfer  recommends  a  three-  to 
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ten-per-ceut  mixture  of  chloroform  and  oxygen  as  the  least  dangerous  way 
of  administering  the  drug. 

§  13.  Treatment  of  Common  Accidents  Occnrring  during  Chloroform 
Harcosia. — The  common  accidents  that  may  occur  during  chloroform 
ansesthesia  are :  (1)  Vomiting ;  (2)  disturbances  of  the  respiration  and 
heart's  action.  In  every  case  the  chloroform  should  be  stopped  at 
once.  If  the  patient  vomits,  his  head  should  be  turned  to  one  side, 
the  mouth  is  quickly  opened  by  means  of  one  of  the  gags  shown  in 
Figs.  24  and  25,  and  the  vomited  material  is  removed  by  wiping  out 
the  mouth.  The  chief  anxiety  consists  in  overcoming  the  impedi- 
ments to  respiration,  and  restoring  the  heart's  action. 

Overcoming  Mechanical  Interference  with  Bespiration. — The  impedi- 
ment to  respiration  may,  in  the  first  place,  be  caused  by  the  occlusion 
of  the  opening  into  the  larynx  by  the  tongue.  In  order  tx)  free  the 
air-passage  in  such  a  case  we  have  three  means  :  (1)  Push  forward  and 

raise  the  lower  jaw ;  (2)  draw  out 
the  tongue ;  (3)  elevate  the  thorax 
and  let  the  head  and  neck  fall  back 
(Howard). 

To  draw  forward  and  lift  up  the 
lower  jaw,  seize  the  latter  behind 
the  angle  and  push  it  forward  and 
upwards  (P^ig.  27).  By  this  proced- 
ure the  tongue  and  hvoid  bone  are 

Fio.  27. — The  manner  of  pushing  forward  the       ,  j*  ^  i      .  i       i 

lower  jaw  for  threatened  aaphyxia.  drawn  lOrward,  rcildcnng  the  liyo- 

epiglottic  ligament  tense,  and  this 
immediately  lifts  the  epiglottis  and  opens  the  entrance  to  the  larynx. 
The  tongue  forceps  illustrated  in  Fig.  26  is  another  means  of  effecting 
the  same  result ;  or  a  loop  of  thread  may  be  similarly  used,  or  a  pointed 
hook  may  be  passed  behind  the  middle  of  the  body  of  the  hyoid  bone 
to  draw  it  forward  (Braune).  Another  good  plan  is  to  pass  the  fore- 
finger down  to  the  epiglottis,  and  by  raising  it  oi>en  the  larynx. 

By  Howard's  plan  of  extending  the  head  and  neck  backwards^  the 
point  of  support  of  the  tongue,  which  had  fallen  back  when  the  patient 
was  in  the  horizontal  position,  is  changed  from  the  posterior  wall  of 
the  pharynx  to  the  hard  palate  or  the  boundary  between  the  hard  and 
soft  palates,  thus  making  free  for  the  stream  of  air  the  space  between 
the  root  of  the  tongue  and  the  posterior  pharyngeal  wall. 

Artificial  Bespiration. — If  these  measures  are  not  enough  to  restore 
the  interrupted  breathing,  artificiial  respiration  nmst  be  begun  imme- 
diately. It  is  absolutely  essential  in  performing  artificial  respiration 
that  the  air  really  obtains  a  free  entrance  to  the  lungs.     Hence  the 


Via.  ze.— Artificial  roopi 
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tongue  should  be  drawn  well  out  of  the  mouth ;  floida  or  foreign  bodies 

should  be  removed  by  lowering  the  head,  or  by  placing  the  patient  on 

his  abdomen,  supporting   the 

epigastrinm  and  forcibly  com- 

pressing  the  latter,  or  finally 

br  aepiratiou  with  a  rubber 

tatfaeter.      Tracheotomy  may 
Every   second 
the  danger  of  the 

threatened  death,  particularly 

if  the  pnlee  is  irregular  and  if 

the  face  becomes  deadly  pale 

or  bliiiBh.     Artificial  respiration  is  performed  with  the  patient  in  the 

position  indicated  in  Fig.  28.     The  operator  grasps  the  lower  portion 

of  the  thorax  and  makes  vigorous  rhythmical  expiratory  movements 
by  pressing  together  the 
lower  lateral  portions  of  the 
thorax.  At  the  same  time 
the  lower  jaw  is  elevated 
and  the  tongue  drawn  for- 
ward. Laborde  recommends 
rhythmical  traction  on  the 
tongue  by  grasping  its  pos- 
terior portion  (fifteen  to 
twenty  times  a  minute). 
This  is  supposed  to  stimu- 
late the  respiratory  centre 
indirectly  through  the  laryn- 
geal nerve, 

Silvester's  method  for 
performing  artificial  respi- 
ration is  better  (Figs.  29, 30)- 
The  patient  is  placed  as 
quickly  as  possible  in  the 
horizontal  position,  or  with 
the  bead  directed  down- 
wards ;  the  operator  stands 
t>ehind  tlie  patient,  and, 
grasping  the  arms,  flexed  at 
the  elbow,  presses  them  lat- 
erally against  the  chest  and 
Fm.  2«  ud  so.— Anifici^  n»pimcioii  (Siivoster).      then  drawB  the  arms  back- 
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wards  till  they  are  stretched  out  horizontally  above  the  head.  In  this 
procedure  the  ribs  are  raised  by  the  traction  of  the  pectoral  muscles. 

Schiiller  has  recommended  grasping  the  arch  of  the  ribs  on  both 
sides,  and,  after  vigorously  raising  them,  pressing  them  down  against 
the  thoracic  cavity.  The  experiments  and  manometric  measurements 
made  by  Djelitzin  show  that  the  Silvester  and  Schiiller  methods  of 
producing  artificial  respiration  are  the  best.  Artificial  respiration 
should  be  combined  with  vigorous  blows  over  the  region  of  the  heart, 
which  stimulate  its  action.  Kraske  has  shown  that,  even  after  the 
heart  has  stopped  beating,  a  kind  of  circulation  can  be  kept  up  for  a 
certain  length  of  time  by  artificial  respiration  and  by  compression  of 
the  heart  while  the  head  is  kept  lowered.  The  deep  inspiratory  move- 
ments aspirate  the  venous  blood  into  the  right  auricle. 

Electrical  stimulation  of  the  phrenic  nerves  is  another  method  of 
resuscitation  (Duchenne).  The  electrodes  of  an  induction  apparatus 
are  moistened  and  placed  on  either  side  of  the  neck,  at  the  outer  border 
of  the  stemomastoid  muscle,  which  is  pressed  somewhat  towards  the 
median  line,  and  near  the  lower  end  of  the  scalenus  anticus.  This 
stimulates  not  only  the  phrenic  nerves,  with  the  muscle  they  supply  (the 
diaphragm),  but  also  other  nerves  and  muscles  of  inspiration  (scalenus 
anticus,  stemomastoid,  pectorales,  serrati,  etc.).  The  stimulation  should 
be  interrupted  about  every  two  seconds,  and  expiration  should  be  aided 
by  compressing  the  thoracic  and  upper  abdominal  walls. 

The  insufflation  of  air  by  means  of  a  catheter  introduced  into  the 
larynx  is  not  to  be  recommended.  It  may  be  necessary  to  perform  a 
rapid  tracheotomy  and  then  do  artificial  respiration  or  insufflate  air. 

In  desperate  cases  artificial  respiration  should  be  kept  up  from 
half  an  hour  to  an  hour,  or  even  longer.  Life  has  been  known  to  be 
restored  after  working  twenty  minutes,  even  when  any  measure 
seemed  at  first  hopeless.  There  are  successful  cases  on  record  in 
which  artificial  respiration  was  performed  for  three  to  four  hours  on 
people  who  were  apparently  drowned.  Artificial  respiration  is  also 
the  best  and  surest  way  of  restoring  the  action  of  a  heart  which  is 
failing  or  has  become  imperceptible.  The  direct  mechanical  effect  of 
compression  and  movement  of  the  thoracic  organs  seems  to  have  a 
stimulating  power  over  the  heart's  action.  The  inversion  or  lowering 
of  the  head,  accompanied  by  artificial  respiration  (Nelaton,  Kichard- 
son,  and  others),  appears  to  be  particularly  advantageous  in  cases  of 
syncope  from  chloroform. 

Electro-punoture  of  the  Heart.— It  has  been  recomniended  to  stimulate 
the  heart  by  introducing  into  its  sul)stance  a  needle  chargred  with  an  electric 
current  (acupuncture  or  electro-puncture) ;  but  this  need  only  be  mentioned 
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to  be  condemned  as  too  dangerous.  Sigmund  Mayer  has  shown  that  this 
direct  electrical  stimulation  of  the  heart  by  an  interrupted  or  constant  cur- 
rent acts  as  a  heart  poison.  Watson  experimented  on  animals,  and  found 
the  heart  could  be  punctured  without  danger,  but  if  the  vena  cava  was  en- 
tered it  was  followed  by  a  profuse  haemorrhage  into  the  thoracic  cavity.  The 
right  ventricle  was  entered  thirty -eight  times,  the  left  six  times ;  the  right 
auricle  was  entered  six  times,  the  vena  cava  superior  three  times,  the  vena 
€a?a  inferior  twice,  and  the  apex  twice. 

Of  the  other  means  which  are  recommended  as  restoratives  to  be  used  in 
addition  to  artificial  respiration,  if  the  breathing  or  heart  action  stop,  I  shall 
mention  the  following :  Sprinkling  the  face  with  cold  water ;  slapping  the 
ciieeks,  forehead,  or  breast  with  the  hand  or  with  a  wet  towel ;  methodical 
rubbing  of  the  extremities  so  as  to  assist  the  peripheral  circulation  and  stimu- 
late the  cutaneous  nerves  ;  autotransfusion  (see  page  57) ;  and  the  subcuta- 
neous injection  of  a  sodium  chloride  solution.  W.  Koch  recommends  plac- 
ing the  uncovered  pole  of  the  induction  apparatus,  or  the  copper  wire  itself, 
deep  in  the  nasal  cavity,  and  permitting  a  strong  current  to  act  directly  on 
the  nasal  mucous  membrane  for  ten  to  twenty  seconds.  After  a  single  or 
repeated  stimulation  there  usually  occurs  a  deep  inspiration  or  expiration, 
and  breathing  proceeds  without  assistance. 

Should  the  respiration  begin  again,  and  the  pulse  become  regular, 
fiuitable  stimulants  should  be  administered — olfactory  stimulants,  stimu- 
lating  enemas  of  vinegar,  wine  mixed  with  water,  or  wine  alone,  sub- 
cntaneous  injections  of  camphor  or  ether,  etc. 

As  a  prophylactic  measure,  particularly  in  the  case  of  very  weak, 
frightened,  or  excited  individuals,  it  is  vrise  to  administer  some  alco- 
holic stimulant  before  the  operation,  snch  as  Bordeaux  or  Marsala  wine, 
and  cognac  to  individuals  accustomed  to  the  use  of  alcohol. 

The  other  Compoundl.  of  Methyl— The  other  compounds  of  methyl- 
methyl  ether,  methylene  bichloride,  methylene  ether,  and  methylal— are  now 
but  little  used  in  surgery  as  anaesthetics.  Methylene  bichloride  alone  has 
found  some  warm  adherents  in  Spencer  Wells,  Marshall,  Ganigee,  and  other 
English  surgeons.  The  drug  possesses  no  real  advantage  over  chloroform, 
and  onlv  seems  Uy  be  less  liable  to  cause  vomiting.  Its  disadvantages  are  its 
inflammability  and  expensiveness.  Furthermore,  its  use  is  not  free  from 
danger-in  fact,  it  is  probably  more  dangerous  than  chloroform.  Kappeler 
mentions  nine  fatal  cases.  Methylene  bichloride  is  best  administered  by 
Junker's  apparatus,  which  is  illustrated  on  page  25. 

§  U.  Ether  Harcori^— Ether  is  another  much-used  anaesthetic 
which  is  coming  to  be  employed  more  and  more  in  the  place  of  clilo- 
rc^forra  or  its  compounds.  In  America,  ether  narcosis  is  used  almost 
exclusively,  and  in  England,  France,  Switzerland,  and  even  Germany, 
thi*  drug  is  coming  into  constantly  growing  favour.  I  am  very  much 
pleased  with  ether  as  an  ansBsthetic,  having  nsed  it  in  about  three  thou- 
and  cases  without  any  serious  after  effects. 
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Ether — sulphuric  ether,  naphtha,  ethylether,  C.HnO— is  a  colon 
easily  diffusible  liquid  poesessiiig  a.  pleasant  odoitr  and  burniug  tast«. 
is  very  volatile  aud  inflammable,  and  boils  at  a  temperature  of  3(1°  C 
speci&c  gravity  at  15°  C.  is  0.720.  Ether  that  is  to  .be  used  for  anaesi 
must  be  protected  from  light  and  air,  and  the  bottles  containing  it  shov 
kept  filled.  Its  purity  can  be  tested  in  the  following  way :  Twenty 
centimetres  are  allowed  to  evaporate  in  a  shallow  glass.  The  moist 
left  behind  must  be  odorless,  and  should  turn  blue  litmus  paper  neitlii 
nor  white.  If  a  few  dropH  of  a  ten-per-cent  solution  of  ferrosulphat 
covered  with  ether  in  a  watch  glass,  and  a  few  drops  of  caustic  sod 
added,  the  fiuid  should  not  turn  brown  tuside  of  a  minute. 

The  physiological  action  of  ether  is  essentially  the  same  as  that  of 
roform,  except  that  ether  seldom  causes  disturbances  of  the  circulation 
hence  does  not  so  frequently  kill  by  sudden  paralysis  of  tlie  heart.  I 
and  Holz  showed  by  means  of  the  lachometer  that  inhalations  of  ether 
an  increase  in  the  strength  of  the  pulse,  while  chloroform,  on  the  other  ] 
weakens  it  Angelesco  and  others  claim  that  ether,  by  producing  dilat 
of  the  vessels,  lowers  the  body  temperature  more  than  chloroform,  t 
causes  a  contraction  of  tlie  vessels.  Ether  has  no  injurious  effect  upo 
blood  either  by  lowering  the  percentage  of  haemoglobin  or  destroyin 
red  blood-corpuscles.  The  number  of  white  corpuscles  is  increased,  am 
leucocytoais  reaches  its  maximum  some  hours  after  the  narcosis  (Lei 
The  mucous  membranes  are  irritated  by  ether,  and  their  secretion: 
increased.  Most  of  the  statistics  regarding  the  mortality  of  ether  and  cl 
form  show  that  ether  is  less  daugerous  than  chloroform.  Among  forty 
sand  etherisations  at  the  H6t«l-Dieu  in  Lyons,  there  was  not  a  single 
case.  Poppert  is  the  only  one  who  has  claimed  a  high  mortality  for  ( 
He  included  the  cases  that  died  some  time  later,  pai'ticularly  from  jmeuin 
twenty-four  to  thirty-two  hours  after  the  operation.  He  found  that 
was  one  death  to  every  1,167  etherisations,  aud  for  chlorofonn  one  det 
8,647.  It  should  be  said,  in  reply  to  this,  that  all  anrestheties  wriild 
a  nmch  higher  mortality  if  we  considered  the  cases  that  died  twenty 
to  thirty-six  hours  after  the  operation,  and  it  is  often  diHicult  to  say 
much  the  aniesthesia  is  responsible  for  the  later  deaths.  Furthermor 
pneumonias  that  follow  the  use  of  ether  can  be  easily  prevented  i 
anivsthetio  is  administered  properly,  and  hence  the  drug  should  not  be 
responsible  when  the  fault  lies  in  the  way  it  is  given.  In  my  opinioi 
present  statistics  do  not  give  us  any  reliable  data  regarding-  the  danger 
the  use  of  ether  and  chloroform.  Both  drugs  have  their  diuigein,  and  the 
cases  are  much  more  common  than  the  statistics  show,  as  they  are  so 
not  i-ei>(>rtcd.  For  Ihe  mortality  of  the  different  anaesthetics  as  shown  b 
statistics  of  the  Deutsche  GoKcllschaft  fiir  Clni'urgie  see  page  31. 

The  typiciil  minle  of  death  fnuii  ether  is  prinuiry  arrest  of  respir 
and  seeondury  paralysis  of  the  heart.  Htlier  givtv  rise  mon-  fif<[ueiitly 
chloroform  to  later  disturban<^eK.  piirticularly  in  tlio  lungs  (brouc 
bnuicho- pneumonia,  inllammaiory  tedemii  of  the  lunjj.si,  which  often 
on  two  III  three  days  after  wards,  and  may  or  uiiiy  not  prove  fatal, 
important  from  this  jdiint  of  view  to  use  pun-  ether  which  has  not 
decomposed  by  air  or  light.     The  addilion  of  iiir  even  without  the  acti 
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light  can  easily  give  rise  to  decomposition  products  (oxidation,  formation  of 
aldehyde),  which  irritate  the  air-passages  and  cause  pulmonary  inflamma- 
tion. I  keep  the  ether  that  is  used  for  anaesthesia  in  small  dark  hottles,  con- 
taining about  150  cubic  centimetres,  which  are  kept  filled,  protected  from 
the  light,  and  stored  in  a  cool  place.  Since  I  have  used  only  pure  ether 
with  no  decomposition  products,  I  have  not  observed  any  signs  of  irritation 
within  the  air-passages.  According  to  Nauwerk,  Grossmann,  and  Holicher, 
ether  pneumonias  are,  generally  speaking,  due  to  unskilful  etherisation — i.  e. 
they  are  caused  by  aspiration  of  mucus  which  is  filled  with  bacteria.  As 
a  matter  of  fact,  one  should  prevent  the  saliva  from  collecting  in  too  large 
amounts,  and  the  patient's  head  should  be  lowered,  in  order  that  the  mucus 
may  not  be  aspirated  into  the  bronchi.  Ether  should  not  be  used  at  all  in 
diseases  of  the  respiratory  passages  and  in  teething  children.  Furthermore, 
ether  should  not  be  employed  when  the  thermo-cautery  is  to  be  used  about 
the  face  and  neck,  nor  in  protracted  operations  about  the  mouth,  jaw,  nose, 
or  throat,  when  the  mouth  and  nose  have  to  be  kept  uncovered.  If  in  the 
latter  case  the  etherisation  has  to  be  interrupted  too  early  or  too  often,  a 
complete  narcosis  can  not  be  obtained.  For  this  reason  chloroform  is  better 
for  long  operations  on  the  face  and  neck.  Sanger  and  Quercain  have  drawn 
attention  to  the  possibility  of  haamorrhages  in  old  people  in  consequence  of 
the  increased  arterial  pressure.  The  assertion  that  ether  more  frequently 
gives  rise  to  nephritis  or  albuminuria  has  been  shown  to  be  incorrect  (see 
page  35).  The  statistics  regarding  the  frequency  of  the  transitory  albumi- 
nuria following  the  use  of  ether  show  a  variation  with  the  diflPerent  anaes- 
thetics of  from  10  to  47.6  per  cent.  In  the  case  of  chloroform  they  vary 
from  38.06  to  80  per  cent.  Chloroform  seems  to  be  more  harmful  to  the  kid- 
neys than  ether  (Babacci  and  Bebi).  Thomsen  and  Kemp,  however,  claim 
that  their  researches  show  the  opposite.  Both  chloroform  and  ether  should 
be  used  with  great  caution  in  diseases  of  the  kidney,  as  nephritis  that  is  al- 
ready present  is  made  worse  by  both  drugs. 

V  The  manifestations  of  ether  narcosis  resemble  those  of  chloroform 
narcosis,  but  the  action  of  the  drug  is  not  so  lasting.  During  ether 
narcosis  the  great  amount  of  saliva  secreted  is  troublesome,  stertorous 
breathing  often  occurs,  and  not  infrequently  a  tbick  white  foam  issues 
from  the  mouth  and  nose.  As  the  result  of  the  dilatation  of  the 
cutaneous  vessels,  an  increased  warmth,  redness,  and  cyanosis  occur. 
At  times  a  transitory  exanthema  in  the  form  of  broad,  roseola- like 
spots,  makes  its  appearance,  soon  after  the  beginning  of  the  etherisa- 
tion, in  the  region  of  the  neck  and  chest.  Finally,  mention  should  be 
naade  of  the  great  inflammability  of  this  drug — a  circumstance  which 
increases  tlie  diflScnlty  of  giving  it  at  night  or  in  operations  where  the 
galvano-cautery  or  thermo-cautery  is  to  be  used.  Kappeler  relates 
the  case  of  an  eighteen -year-old  girl,  in  Lyons,  who  was  etherised  in 
order  to  apply  the  cautery.  Suddenly,  as  the  surgeon  was  about  to 
^  the  cautery  on  his  patient,  the  ether  vapour  ignited,  setting  fire  to 
the  cone  tilled  with  ether  which  was  being  held  over  her  mouth  and 
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DOee,  and  tbe  face  of  the  patient  became  enveloped  in  flames.  Ter 
rible  burns,  involving  the  tissuea  down  to  tbe  bone,  were  tbe  t^nlt  o 
this  accident,  and  the  surgeoD,  in  liis  efforts  to  extinguish  tbe  flamet 
sustained  no  inconsiderable  injuries. 

The  other  consequences  of  ether  narcosifi — the  nausea  and  vomitint 
— are  the  same  as  in  cliloroform  narcosis.  SoinetiineB,  as  already  men 
tioned,  there  have  been  observed  bronchitis,  bronelio-pneumonia,  dis 
tnrbances  of  respiration  (asphyxia,  Cheyne-Stokes  breathing),  and  i 
collapselike  condition,  especially  after  prolonged  operations.  The  col 
lapse  from  ether  may,  however,  be  a  result  of  tbe  cooling  off  of  the  sor 
face  of  the  body.  The  disturbances  on  tbe  part  of  the  respirator 
organs  may  not  disappear  until  two  to  three  days  after  the  operation 
The  largest  amount  of  ether  has  usually  left  the  body  one  hour  afte 
completion  of  tbe  antestbesia.  Tbe  patient  eometinieB  remains  asleej 
for  an  unusually  long  time  afterwards,  while  hysterical  patients  ma; 
become  very  restless  and  excited. 
.  On  account  of  the  great  volatility  of  ether  a  special  mask  or  com 
ia  necessary  for  administering  the  same.  There  are  a  large  number  o 
cones  in  use. 

Clover's  consists  of  three  closely  connected  parts — a  metal  vessel  t> 
bold  the  ether,  a  rubber  bag,  and  a  moatbpiece.  Tbe  lower  half  o 
the  metal  vessel  is  surrounded  by  a  water  tank  closed  by  a  screw  valve 


Fio.  81. — Juillttrd-DumontV  ether- 


the  tank  being  intended  to  keep  the  ether  from  cooling  off  too  much 
Dumont'a  mo<li6cation  of  Juiliard's  mask  consists  of  two  metal  frame 
placed  one  over  the  other  and  connected  by  a  hinge,  the  outer  on 
being  covered  with  oilclotlu    Between  the  two  frames  is  placed  a  piec 
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of  cloth  or  flannel.  The  mask  is  large,  and  eovers  the  whole  face. 
Orer  it  IE  placed  a  folded  towel  to  prevent  the  evaporation  of  the  ether. 
ffanBcher^B  apparatas  is  shown  in  Fig,  32.  It  consists  of  a  cone 
and  a  rubber  bag  for  taking  up  the  ether  vapour,  Grosemann  has  modi- 
fied this  apparatus  by  inserting  a  wire  frame,  so  that  the  rubber  bag 
does  Dot  collapse  {t'ig.  3S).  Gehlee's 
apparatus  can  be  folded  together  and 
easilv  carried  in  the  coat  pocket.  Just 
li  ID  the  case  of  chloroform,  apparatus 
kre  been  constructed  which  make  it 
poBsibie  to  give  the  patient  a  specified 
mixtnre  of  ether  vapour  and  air  (Dreser 
and  others).  In  order  not  to  be  dis- 
turbed by  the  cone  during  operations 
OD  the  face,  we  can  insert  a  rubber  tube 
into  the  month  or  nose,  and  connect  it 
Tith  Junker's  or  Kocher's  apparatus. 
/  The  same  precautiouB  are  necessary 
in  etlierising  as  in  giving  chloroform. 
InadnltB  I  inject  0.01  to  0.03  morphine 

hypodermically  from  ten  to  twenty  minutes  before  beginning  the  ether. 
The  patient's  head  should  be  inclined  somewhat  backwards,  in  order 
dial  tbe  increased  amount  of  saUva  may  not  flow  into  the  air-passages 
and  give  rise  to  aspiration  pneumonia.  For  the  same  reason  one  should 
prevent  the  mucns  from  collecting  in  too  large  amounts  in  the  mouth 
and  throat  by  swabbing  oat  the  same  at  frequent  intervals.  The  ad- 
ministration of  ether  should  be  "  pushed  "  more  than  is  customary  with 
chloroform,  since  it  acts  less  powerfully.  In  using  Juillard's  cone,  for 
naniple,  considerable  ether  should  be  poured  on  at  first  (30  to  50  cubic 
centimetres,  for  instance),  and  it  is  usually  possible  to  obtain  complete 
aniesthesia  with  this  amount,  particularly  in  children.  Dreser  has 
examined  the  mixtui%  of  air  and  ether  under  Juillard's  cone  during 
etheria&tion,  and  determined  that  there  is  neither  an  alarming  accumu- 
larion  of  carbonic  acid  nor  a  dangerously  small  percentage  of  oxygen. 
Other  surgeons  prefer  a  more  gradual  way  of  giving  the  ether  to  this 
asphyxiating  method — i.  e.,  the  cone  is  brought  near  the  face  more 
gradually,  and  the  amount  of  ether  given  is  slowly  increased.  In  some 
individuals  this  method  is  undoubtedly  preferable.  Tiie  respiration  is 
the  chief  thing  to  be  watched  in  giving  ether,  but  the  pulse  should  not 
he  Delected.  If  the  respiration  suddenly  stops  in  consequence  of 
ptralygJB  of  the  respiratory  centre  from  too  nmch  ether,  the  latter 
should  be  stopped  at  once  and  artificial  respiration  begun.    The  latter 
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is  usually  successful  if  the  disturbance  in  breathing  is  noticed  promptly. 
In  case  also  of  spasm  of  the  respiratory  muscles,  causing  the  face  to 
become  very  blue,  the  ether  should  be  temporarily  discontinued. 

A  subsequent  stage  often  follows  the  real  anaesthesia,  in  which  the 
loss  of  sensation  continues,  but  the  patient  has  returned  to  conscious- 
ness. The  same  thing  occurs  in  the  use  of  bromethyl  (see  page  47). 
For  the  treatment  of  the  disturbances  following  etherisation  (vomiting, 
etc.),  see  page  29,  Chloroform  Anaesthesia. 

Action  of  Ether  on  the  Laryngeal  Miudet.— Semon  and  Horsley  have 
confirmed  by  their  experiments  the  observations  made  by  others,  namely, 
that  the  posterior  crico-arytaenoid  muscles  are  the  first  to  lose  their  power  of 
contraction  after  death  and  in  cases  of  organic  disease  or  injury  to  the  cen- 
tres or  to  the  branches  of  the  motor  nerves  of  the  larynx. 

In  deep  ether  narcosis  there  is  abduction  of  the  vocal  cords :  and  when  the 
narcosis  is  slight  there  is  adduction,  no  matter  whether  the  recurrent  laryn- 
geal nerve  is  divided  or  not 
^  Varcosifl  per  Keotom. — Molli^re  and  Iversen  have  successfully  produced 
ether  narcosis  by  introducing  the  vapour  into  the  rectum  by  means  of  a 
rubber  tube  connected  with  Richardson ^s  ether  vapouriser.  Molliere  also 
passed  into  the  rectum  a  rubber  tube  which  was  connected  with  an  ether 
flask  standing  in  water  at  50®  C.  (112®  F.),  thus  causing  the  ether  to  boil. 
Molliere  mentions  as  advantages  of  rectal  anaesthesia  the  lack  of  a  stage  of 
excitement,  the  possibility  of  exactly  regulating  the  amount  of  ether  given, 
and  the  convenience  of  the  method  in  operations  on  the  face. 

Rectal  etherisation  was  first  used  by  PirogoflP  forty  years  ago.  Recently, 
Starcke  has  also  investigated  the  method  and  has  urged  its  further  trial. 

The  other  comi>ounds  of  ethyl  have  not  become  established  as  anaesthetics ; 
among  them  are  ethyl  chloride,  ethyl  bromide,  ethyl  nitrate,  ethylidene 
chloride,  ethyl  aldehyde  or  aldehyde,  Aran's  ether,  acetic  ether,  etc. 

• 

V  §  15.  Laughing-Oas  Narcosis. — Among  the  inorganic  compounds^ 
nitrogen  monoxide  or  laughing  gas  (Davy),  is  the  best  anaesthetic. 
Nitrous  oxide,  N2O,  is  a  colourless  gas  with  a  slightly  sweetish  taste 
and  smell.  It  is  made  by  cautiously  heating  ammonium  nitrate,  which 
breaks  up  at  a  temperature  of  170*^  C.  into  water  and  nitrous  oxide. 
The  anaesthetic  action  of  laughing  gas  is  not  unpleasant,  and  there  are 
almost  no  disagreeable  after-effects ;  nausea  and  vomiting  scarcely  ever 
occur.  But  it  is  not  entirely  free  from  danger,  though  it  is  much  less 
dangerous  than  chloroform  or  ether.  Statistics  show  that  out  of  four 
to  five  million  cases  where  it  has  been  used,  only  fourteen  deaths  have 
been  recorded  (E.  II.  Hankel).  In  a  few  instances  it  has  caused  epi- 
leptic fits,  great  excitement,  deep  cyanosis,  and  similar  phenomena,  but 
in  geueral  the  drug  is  relatively  free  from  danger.  After  making  in- 
vestigations with  the  spectroscope,  Ulhrich  came  to  the  conclusion  that 
nitrous  oxide  formed  a  chemical  combination  with  the  haemoglobin, 
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and  so  could  become  dangerous ;  but  Preyer,  Buxton,  MacMunn,  and 
BothmaDn  were  unable  to  confirm  these  statements  of  Ulbrich's,  as  the 
duration  of  the  narcosis  is  too  short,  therefore  these  authors  consider 
that  nitrous  oxide  is  not  a  dangerous  ansesthetic.  Still,  a  narcosis  of 
long  duration  is  not  to  be  recommended.  The  drug  is  suitable  for 
short  operations,  particularly  the  extraction  of  teeth,  and  hence  laugh- 
mg  gas  is  to  day  the  best  anaesthetic  for  the  dentist,  and  in  England 
and  America  it  is  used  with  very  great  frequency.  In  fifty  to  sixty 
seconds  the  ansesthesia  is  so  complete  that  minor  operations,  like  the 
extraction  of  teeth,  can  be  performed  without  pain.  Recovery  from 
the  narcosis  is  equally  prompt,  and  without  unpleasant  after-effects. 
Laoghing  gas  has  also  been  frequently  used  during  parturition,  and 
with  good  results  (Zweifel).  The  gas  is  inhaled  either  pure  or  mixed 
with  air.  For  the  sake  of  economy  the  gas  is  now  stored  in  a  gasom- 
eter or  rubber  bag  so  arranged  that  the  expired  gas  can  be  used 
over  again. 

VaiooaiB  with  Oxygenated  Langhing  Oa&— Klikowitsch,  Doderlein, 
Schreiter,  and  Hillischer  have  recommended  an  oxygenated  nitrous  oxide 
(nitrous  oxide  with  twenty  per  cent  oxygen)  for  narcosis  instead  of  the  pure 
nitrous  oxide.  It  is  suited  especially  for  protracted  narcosis  in  which  major 
lurgical  operations  can  be  performed.  The  two  gases  are  stored  in  two  sepa- 
rate gasometers  and  are  mixed  immediately  before  inspiration.  The  appara- 
tus is  so  arranged  that  the  proportion  of  the  mixture  can  be  altered  at  any 
moment. 

VazcooB  with  Oxygenated  Laughing.  Oas  and  Increased  Atmospheric 

Insore. — P.  Bert  has  recommended  the  administration  of  a  mixture  of 
nitrous  oxide  with  fifty  per  cent  of  air  under  increased  atmospheric  pressure 
(two  to  three  atmospheres).  With  nitrous-oxide  narcosis  conducted  under 
these  conditions  of  increased  atmospheric  pressure,  the  operator,  his  assistants, 
and  the  patient  must  enter  a  specially  prepared  room,  where  the  air  can  be 
compressed  and  the  patient  inhale  the  nitrous  oxide.  This  atmosphere  of 
compressed  air  is  said  not  to  be  very  disagreeable  for  the  operator  and  his 
assistants. 

The  advantagfes  claimed  for  nitrous-oxide  narcosis  with  compressed  air 
are:  1.  The  absence  of  a  stage  of  excitement.  2.  The  ease  of  maintaining 
for  a  long  time  any  desired  degree  of  narcosis.  3.  The  prompt  return  of 
consciousness.  4.  The  absence  of  vomiting.  5.  The  complete  freedom  from 
^a^T.    For  combined  laughing-gfas  and  ether  anaesthesia  see  below. 

Other  AuflBSthetica — The  other  inorganic  compounds  which  have  been 
tried  as  anaesthetics,  such  as  nitrogen,  carbonic  acid,  bisulphide  of  carbon, 
€tc.,  should  be  abandoned. 

§  16.  Mixed  Harcosis  and  other  Ansesthetios. — The  above-mentioned 
^westhetics  have  been  frequently  mixed  with  each  other.  The  Vienna 
fichool  recommends  a  mixture  of  three  parts  ether  and  one  part  chloro- 
form.   Linhart  used  a  mixture  of  four  parts  chloroform  and  one  part 
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absolute  alcohol.  Billroth  favours  a  mixture  of  three  parts  chloroform, 
one  part  ether,  and  one  part  absolute  alcohol.  The  English  Commit- 
tee on  Chloroform  has  tried  three  different  mixtures:  1.  One  part 
chloroform  and  four  parts  ether.  2.  One  part  chloroform  and  two 
parts  ether.  3.  One  part  alcohol,  two  parts  chloroform,  and  three 
parts  ether. 

The  first  mixture  acts  like  unmixed  ether,  while  the  other  two  are 
almost  the  same,  and,  while  inducing  a  speedy  loss  of  consciousness, 
interfere  less  with  the  functions  of  the  heart  than  does  pure  chloro- 
form. I  once  used  almost  exclusively  a  mixture  of  one  hundred  parts 
chloroform,  thirty  parts  ether,  and  twenty  parts  absolute  alcohol.  At 
present  I  prefer  a  mixture  of  equal  parts  of  chloroform  and  ether. 

Diflferent  authors  have  recommended  a  mixture  of  oxygen  with 
chloroform,  ether,  or  laughing  gas,  etc.  Many  surgeons  combine  the 
chloroform  and  ether  narcosis,  beginning  the  narcosis  with  chloroform 
and  keeping  it  up  with  ether,  or  vice  versa,  I  use  the  chloroform- 
ether  narcosis  a  great  deal  in  adults,  and  am  well  satisfied  with  it.  A 
combination  of  laughing  gas  and  ether  is  now  being  used.  This  does 
away  with  the  stage  of  excitement  and  the  irritating  action  of  the 
ether.  Laughing  gas  is  used  first,  and  then  ether  is  substituted.  Very 
rapid  aniesthesia  is  said  to  be  produced  by  using  first  bromethyl  and 
then  chloroform. 

Morphine-Chloroform  Harcosis. — The  morphine-chloroform  narcosis 
— a  combination  first  tried  by  Nussbaum — is  of  considerable  value.  It 
is  especially  suitable  for  alcoholic  cases,  and  for  individuals  in  whom  a 
well-marked  stage  of  excitement  is  to  be  expected.  One,  two,  or  three 
centigrammes  of  acetate  of  morphine  are  given  in  aqueous  solution^ 
hypodermically,  about  ten  to  twenty  minutes  before  the  narcosis  is 
begun,  or  immediately  preceding  the  latter ;  afterwards,  a  second  in- 
jection may  be  given  during  the  stage  of  excitement,  or  later  in  the 
progress  .of  the  narcosis,  particularly  if  the  operation  is  protracted. 
The  advantiiges  of  a  mixed  morphine-chloroform  narcosis  (which  I 
only  use  on  adults)  are  as  follows:  The  narcosis  progresses  more 
quickly  and  quietly ;  there  is  less  mental  worry ;  the  stage  of  excite- 
ment is  shortened,  or  completely  absent;  the  respiration  is  more  regu- 
lar, and  a  smaller  amount  of  chloroform  is  required.  It  is  possible  in 
this  morphine-eliloroforui  narcosis  to  render  the  patient  insensible  to 
the  pain  of  the  openition,  while  the  reflexes  are  retained,  as  well  as 
control  of  the  voluntary  muscles,  and  the  patient  remains  in  full  pos- 
session of  his  senses ;  he  hears  and  answers  any  (juestions  which  may 
be  put  to  him.  This  state  of  narcosis  is  very  valuable  for  operations 
on  the  face,  mouth,  pharynx,  and  nose,  as  the  patient  will,  when  told 
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to,  eject  the  blood  collecting  in  his  mouth,  or  swallow  it,  as  the  reflex 
excitability  of  the  muscles  of  the  pharynx  and  palate  is  not  lost.  If 
it  is  desired  to  obtain  this  condition  of  semiansesthesia,  one  and  a 
half  or  two  centigrammes  of  acetate  of  morphine  should  be  injected 
aliout  ten  minutes  before  the  narcosis  is  begun,  after  which  the  patient 
should  be  chloroformed  till  the  stage  of  excitement  is  reached,  and  then 
the  amount  of  chloroform  administered  should  be  gradually  diminished. 
/  As  objections  to  the  combined  morphine-chloroform  narcosis,  I 
have  noticed  that  the  morphine  sleep  following  the  operation  has  a  bad 
influence  upon  breathing,  and  sometimes  permits  the  inhalation  of 
foreign  matter  with  a  resulting  aspiration  pneumonia.  t 

Langlois  and  Maurange  combine  chloroform  with  oxysparteine. 
Three  to  four  centigrammes  of  oxysparteine  with  one  centigramme  of 
morphine  are  injected  a  quarter  of  an  hour  before  beginning  the  chloro- 
form. The  narcosis  comes  on  promptly,  can  be  kept  up  by  the  use  of 
very  little  chloroform,  and  the  heart's  action  is  very  regular. 

Instead  of  injecting  morphine  subcutaneously,  two  to  four  grammes 
of  chloral  hydrate  can  be  given  by  mouth  some  time  before  the  opera- 
tion. This  chloral-chloroform  narcosis  resembles  quite  closely  the 
morphine-chloroform  narcosis. 

Other  surgeons  inject  morphine,  atropine,  and  chloral  — e.  g.,  a  hypo- 
dermic syringeful,  containing  2  centigrammes  of  morphine,  ^  milli- 
gramme of  atropine,  and  1  centigramme  of  chloral.  Frankel  injects, 
one  quarter  of  an  hour  before  beginning  the  chloroform,  1  to  1^  cubic 
centimetre  of  a  solution  containing  morphine,  0.15 ;  atropine,  0.015 ; 
chloral  hydrate,  0.25  ;  distilled  water,  15.0.  Morphine  is  supposed  to 
act  as  a  stimulant  to  the  heart,  and  atropine  upon  the  respiration. 

In  ether  anaesthesia,  also,  I  inject  0.01  to  0.03  morphine  from  ten 
to  twenty  minutes  before  beginning  the  anaesthetic,  and  find  it  a  very 
good  combination. 

Ore,  Deneppe,  and  Van  Wetter  have  repeatedly  produced  anaesthesia  by 
injectinjf  chloral  hydrate  into  a  vein,  but  this  is  entirely  too  dangerous  to  be 
^de  use  of. 

^  Other  AziflefthetiC8b — Acetal. — Recently  Von  Mering  has  tested  the  anaes- 
thetic powers  of  acetal,  and  particularly  dimethylacetal  and  diethylacetal. 
He  strongly  recommends  a  mixture  consisting  of  two  volumes  of  dimethyl- 
acetal and  one  volume  of  chloroform  as  being  less  dangerous  than  chloro- 
form, since  it  has  less  of  the  paralysing  effect  on  the  heart's  action.  Liicke 
'tates  that  the  narcosis  induced  by  dimethylacetal  and  chloroform  has  no 
niarked  stage  of  excitement,  and  only  exceptionally  causes  vomiting. 

Bromethyl. — Inhalations  of  bromethyl  are  sometimes  used  in  operations 
of  short  duration,  such  as  extraction  of  teeth.  It  is  just  as  dangerous  as  the 
<J*l»eranapsthetics.  Gurlt  estimates  the  mortality  at  1  to  5,228;  and  Borsclia 
1  to 20.000.    According  to  Gilles  the  fatal  cases,  which  result  usually  from 
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cardiac  paralysis,  are  due  to  tlie  use  of  an  impure  preparation,  or  too  large  a 
dose,  or  to  the  employment  of  brometliylene  by  mistake. 

Bromethyl  (ethyl  bromate),  bromate  of  ether,  CsH»Br,  is  a  colourless 
liquid  smelling  like  ether  and  having  a  neutral  reaction.  It  is  neither 
inflammable  nor  explosive,  but  evaporates  very  rapidly  when  exposed  to  the 
air.  Only  chemically  pure  bromethyl  should  be  used  for  narcosis,  and 
hence  it  should  be  tested  beforehand.  When  pure  bromethyl  is  poured  on 
the  hand  it  immediately  evaporates  without  leaving  a  greasy  feeliiig.  Ou 
tlie  addition  of  one  per  cent  nitrate  of  silver  to  an  impure  preparation  a 
cloudiness  appears,  which  in  a  short  time  becomes  milk  white  (Pomerauzer). 
The  method  of  conducting  the  narcosis  with  this  drug  is  the  same  as  with 
ether  and  chloroform,  and  I  have  used  it  with  success  in  short  operations— 
extraction  of  teeth,  etc. 

Bromethyl  acts  better  when  access  of  air  is  prevented  as  far  as  possible^ 
by  laying  a  piece  of  folded  cloth  or  compress  over  the  inhalation  mask,  or,, 
still  better,  by  using  the  Juillard-Dumont  ether  mask  with  its  oilcloth  cover., 
In  children  ten  to  fifteen  grammes  and,  in  adults  ten  to  thirty  grammes,  ares 
necessary  to  produce  the  narcosis,  which  usually  comes  on  in  about  one  half^ 
to  one  and  a  half  minutes  and  lasts  one  and  a  half  to  three  minutes,  and  ie 
seldom  followed  by  disagreeable  after-effects,  though  I  have  several  times: 
seen  vomiting.  During  the  next  two  or  three  days  the  breath  has  an  un- 
pleasant smell  of  garlic. 
^  The  use  of  bromethyl  in  conjunction  with  chloroform  has  been  recom- 
mended by  a  number  of  surgeons.  Bromethyl  is  used  first,  and  then  chloro^ 
form.  The  narcosis  is  said  to  take  place  quickly,  and  often  without  exciter 
ment.  The  patient  comes  out  of  the  ana3sthesia  promptly,  and  there  are  nc» 
subsequent  disturbances. 

Ethyl  C/i/or/V/e.— Soulier  and  Ludwig  recommend  ethyl  chloride 
("Kelen")  for  short  operations.  It  was  used  sixty-six  times  in  Hackers' 
clinic. 

Bromethylene  should  be  entirely  rejected.     Szuman  observed  a  fatal  in^ 
stance  of  its  use  in  a  man  twenty-seven  years  old,  who  was  given  by  mistake 
thirty  granime^s  of  brometliylene  instead  of  bromethyl. 

Bromofonn.— Yon  Horoch  has  studicnl  the  anaesthetic  effect  of  bromcd 
form,  but  the  results  obtained  do  not,  tis  yet  seem  to  justify  its  use  iK 
«ur^cry. 

Prnfal—Ainylvne,  which  has  been  recently  given  the  name  of  pent^ 
{C5H10)  by  C.  A.  Kahlbaum,  has  been  much  used  for  narcosis  in  short  opecfl 
ations.  The  method  of  its  administnition  is  the  same  as  that  of  chlorofom:= 
and  anjesthesia  occui-s  in  from  fifty  to  ninety  seconds.  It  has  no  influenc  - 
on  tlHi  he^rt  and  mspiration,  and  the  patient  i-egains  consciousness  in  thre-« 
or  four  minutes,  while  sensation  remains  lost  for  several  minutes  longed 
Pental  is  inflammable,  like  (»ther.  Recent  exi)erience  with  it  shows  that  it  i 
not  to  be  i-ecommended  as  an  anaesthetic.  Asphyxia,  syncope,  albuminuria 
and  hji»moglobinuria  have  been  observed,  and  a  number  of  deaths  hav* 
oceurrcHl. 

HarcosiB  refulting  from  Irritation  of  the  Laryngeal  Mncous  Membrane.— 

Brown-Sequard  made  scniKj  very  interestinjr  investipitions  which  show  tliatf 
general  anjesthesia  may  follow  irriuitionof  the  laryngeal  mucous  membrane 
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irith  carbonic  acid  and  chloroform,  and  he  amputated  the  thigh  of  a  rahhit 
in  this  way  without  pain.  The  irritation  x>f  the  laryngeal  mucous  memhrane 
is  the  essential  thing ;  after  division  of  the  superior  laryngeal  nerve  anaes- 
thesia does  not  occur.  If  the  superior  laryngeal  nerve  on  only  one  side  is 
cut,  and  the  carbonic  acid  or  chloroform  is  then  applied,  there  results  simply 
a  slight  diminution  of  sensation  on  this  side,  while  upon  the  other  there  is  a 
condition  of  complete  or  partial  anaesthesia ;  on  one  side  a  toe  could  be  ampu- 
tated without  the  least  pain,  but  on  the  other  side  the  operation  caused  the 
most  violent  manifestations  of  pain. 

'  §  17.  Local  AnsBsthesia,  — For  producing  local  ansesthesia  of  a  par- 
ticular part  of  the  body,  the  methods  are :  compression,  cold,  electricity 
Kith  or  without  the  addition  of  a  narcotic,  and,  above  all,  the  local 
application  of  certain  drugs.     Frequently,  in  former  times,  the  vessels 
And  nerves  of  an  extremity  were  tightly  compressed  by  a  tourniquet, 
which  caused  a  local  though  certainly  insufficient  ansesthesia.     Cold  is 
also  a  good  local  anaesthetic.     James  Amott  was  the  first  to  employ  a 
freezing  mixture  of  ice  and  salt ;  but  since  1866  Kiehardson^s  ether 
fipray  has  come  into  much  more  general  use,  and  is  far  more  con- 
venient. 

The  ether  is  sprayed  over  some  particular  spot  on  the  skin  for  one 
or  two  minutes,  causing  the  skin  to  become  first  red,  then,  as  the  evap- 
oration of  tlie  ether  produces  cold  (—  15°  C),  it  becomes  white,  parch- 
iiientlike,  and  wdthout  feeling.  But  the  loss  of  sensation  is  principally 
limited  to  the  skin.  This  method  is  suitable  for  small  operations — 
opening  abscesses,  puncturing  cysts,  and  for. operations  on  the  extrem- 
ities after  the  latter  have  been  tied  off  with  a  tight  elastic  tourniquet. 
Hj  the  use  of  a  fan  the  anaesthesia  is  hastened,  and  by  interrupting  the 
c^irculation  the  freezing  of  the  tissues  is  favoured.  Robbin's  prepara- 
tion of  ether,  which  is  practically  methylene  bichloride,  works  better 
than  the  ordinary  sulphuric  ether.  The  attempt  to  perform  major 
operations  under  ether  spray  has  not  proved  very  successful. 

Ethyl  chloride  is  used  as  a  substitute  for  ether  in  the  freezing 
method ;  but  it  cannot  very  well  be  employed  on  an  open  wound,  as  it 
is  exc*es6ively  painful. 

A  spray  of  methyl  chloride  is  used  in  the  same  way  as  the  ether 
n>ray,  especially  in  France. 

t/  Cocaine. — At  present  we  have  in  cocaine  a  most  excellent  local 
ioasthetic,  which  was  first  used  in  ophthalmology  by  KoUer.  Solu- 
tions of  cocaine  easily  become  mouldy,  and  hence  they  should  be  pre- 
P^  in  small  quantities,  and  some  bichloride  of  mercury  or  carbolic 
^i  added.  It  is  best  to  have  the  solution  freshly  prepared,  or  at 
most  two  to  three  days  old.  The  intensity  and  duration  of  the  anaes- 
tlietic  action  can  be  increased  by  neutralising  the  freshly  prepared 
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solution  by  the  addition  of  carbonate  of  soda,  and  warming  it  to  50* 
55°  C,  or  by  giving  a  hypodermic  injection  of  morphine  a  qoar 
of  an  hour  before  using  the  cocaine.     For  operations  on  mucous  ma 
branes  aqueous  solutions  of  five  to  twenty  per  cent,  are  used.     It 
dropped  into  the  conjunctival  sac,  and  painted  upon  other  maoc 
membranes.     In  operations  on  the  external  integument  5  to  15  mil 
grammes  are  injected  into  and  beneath  the  skin.     I  use  for  this  pi 
pose  a  weak  solution  (one   per  cent.),  and  inject  from   one  to  t 
syringefuls,  depending  upon  the  case.     The  injections  can  be  man 
under  ether  spray,  and,  in  case  of  the  extremities,  elastic  constriction 
employed.     A  distinction  is  made  between  direct  and  regionary  loc 
aneesthesia.     In  direct  anaesthesia  the  injection  is  made  at  the  poi 
where  the  cut  is  to  be  made,  while  in  regionary  anaesthesia  it  is  mac 
at  some  distant  point  along  the  main  sensory  nerve.     Regionary  © 
caine  anaesthesia  is  only  successful  in  those  places  where  the  bloc 
supply  can  be  cut  off  and  the  peripheral  sensory  nerve  anastomoai 
can  be  excluded.     This  is  mainly  true  of  the  fingers  and  toes.     lii 
gionary  anaesthesia  is  produced  as  follows:    The  base  of  the  fingi 
or  toe  is  tied  off  with  a  piece  of  rubber  tubing  and  a  one-per-cent.  soli 
tion  of  cocaine  is  injected  close  to  the  constricted  point  and  in  th 
direction  of  the  tip  of  the  finger  or  toe.     Complete  anaesthesia  require 
from  three  to  six  minutes  and  sometimes  longer,  and  hence  one  shoal 
wait  that  length  of  time  before  beginning  the  operation.     In  diret 
anaesthesia  loss  of  sensation  usually  takes  place  immediately.     Region 
ary  cocaine  anaesthesia  can  also  be  employed  on  the  hand  and  foot,  bn 
it  is  necessary  to  wait  a  somewhat  longer  time  before  beginning  th< 
operation.     The  anaesthetic  effects  of  cocaine  last  from  ten  to  twentj 
minutes. 

Cocaine  is  not  free  from  danger,  and  should  hence  be  employee 
with  great  care.  Symptoms  of  poisoning  frequently  occur,  consisting 
of  dizziness,  excitement,  unconsciousness,  convulsions,  and  pallor  of  the 
face,  with  a  weak  and  rapid  pulse.  Death  has  occurred  in  not  a  few 
cases,  even  after  the  injection  of  cocaine  into  the  ureters  for  facilitat- 
ing catheterisation.  Weigand  has  collected  two  hundred  and  fifty 
cases  of  acute  cocaine  poisoning,  with  twenty-one  deaths.  The  most 
dangerous  method  of  employing  it  is  to  apply  a  large  amount  of  a 
strong  solution  to  mucous  membranes.  Subcutaneous  injections,  par- 
ticularly by  the  regionary  method,  are  much  less  dangerous.  Among 
twenty-one  fatal  cases,  seven  occurred  from  its  internal  administration 
and  two  after  its  application  within  the  rectum.  To  prevent  fainting 
and  other  cerebral  manifestations  it  is  important  for  the  patient  to 
maintain  a  recumbent  position  during  and  immediately  after  the  oper- 
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ation.  Death  is  usually  due  to  tlie  employment  of  too  large  an  amount 
of  a  strong  solution.  In  the  great  majority  of  fatal  cases  the  amount  of 
cocaine  injected  into  the  skin  was  more  than  twenty-two  centigrammes. 
According  to  Maurel,  the  poisonous  action  of  cocaine  is  due  to  contrac- 
tion of  the  small  vessels  and  the  emboli  that  result  therefrom.  The 
maximum  dose  has  been  put  at  three  centigrammes.  Wolfler  considers 
that  the  maximum  dose  for  injection  about  the  head  should  be  two 
centigrammes,  and  for  the  extremities  five  centigrammes.  It  seems  to 
me  impossible  to  fix  a  maximum  dose  for  cocaine,  as  so  many  individ- 
uals are  very  susceptible  to  it,  while  others  can  take  large  doses  with- 
out any  bad  symptoms.  The  best  antidote  for  cocaine  poisoning  is 
amy!  nitrite  in  the  form  of  inhalations,  which  should  be  given  at  the 
first  signs  of  cerebral  ansemia  (Feinberg).  Bromide  of  potassium, 
morphine,  and  antipyrine  have  also  been  used  with  advantage.  Gau- 
tier  has  not  seen  any  symptoms  of  poisoning  since  he  began  to  add 
nitroglycerin  to  the  cocaine.  He  uses  the  following  solution :  Co- 
caine, 0.2 ;  aq.  distillata,  10 ;  1  per  cent,  nitroglycerin,  gtt.,  x. 

8ehleieh*8  Infiltration  AnsBSthesia.— Quite  recently  Schleich's  infiltration 
anaesthesia,  which  is  absolutely  without  danger,  has  come  more  and  more 
into  general  use.  It  is  possible  to  perform  with  it  operations  of  considerable 
magnitude,  such  as  laparotomies  (gastrostomies,  etc.),  and  operations  on  the 
joints  of  half  an  hoards  duration.  I  have  not  found  it  so  efficient  in  infiam- 
matory  tissues.  The  method  consists  briefly  in  rendering  the  tissues  to  be 
operated  on  bloodless  (ischaemic) — i.  e.,  insensitive — by  injection  of  a  mor- 
phine-cocaine solution.  On  the  extremities  the  parts  may,  in  addition,  be 
rendered  bloodless  by  an  E^march  bandage;  but  this  should  not  be  done 
antil  after  the  solution  has  been  injected,  because  otherwise  the  blood  can- 
not be  forced  out  of  the  tissues  by  the  anaesthetising  fluid,  and  tlie  injection 
is  painful  on  account  of  the  great  tension  of  the  tissues.  Schleich  has  recom- 
niended  three  different  solutions  :  Solution  I :  Cocaine,  0.2 ;  morphine,  0.025 ; 
»dium  chloride,  0.2 ;  aq.  distillata,  100.  Solution  II  contains  half  as  much 
cocaine  as  solution  I.  Solution  III  contains  one  tentli  as  much  cocaine  as 
solution  I,  and  only  0.005  morphine.  Solution  II  usually  suflices.  The 
injections  are  made  under  the  strictest  asepsis  and  with  a  proijer  needle 
(Scldeicb's  or  Braun's).  The  first  injection  causes  the  formation  of  a  tense 
'fliite  wheal,  and  the  needle  is  reinserted  on  the  edge  of  this  wheal,  and  so 
on.  The  subjacent  tissues  are  then  made  anaesthetic  by  injecting  tliera  at 
once,  or  after  making  the  incision  through  the  skin.  Braun  reconnnends 
the  following  solution  for  Schleich 's  anaesthesia  :  0.1  eucaine  B  (see  page  52)  ; 
^.8  8odium  chloride ;  and  100  water  at  body  temperature.  As  much  as  three 
hundred  cubic  centimetres  of  this  solution  can  be  injected  at  one  operation. 
It  is  not  decomposed  by  repeated  boilings.  General  anaesthesia  with  Schleich's 
niiitupe  (consisting  of  chloroform,  ethyl  chloride,  and  ether  in  the  different 
proportions)  has  not  met  with  general  favour.  For  the  fingers  and  toes  the 
method  of  cocainisation  combined  with  elastic  constriction  is  distinctly  pref- 
^nble  to  Schleich's  method.     One  disadvantage  of  the  latter  is  that  the 
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topographical  relations  are  sometimes  disturbed  by  the  oedema,  and  the  bor 
der  line  between  the  healthy  and  diseased  tissues  may  be  indistinct. 

Cocaine  in  Coigiinotion  with  the  Oalyanio  Cnrrent— Wagner  and  Herzo^ 
have  anaesthetised  the  unbroken  skin  with  cocaine  in  conjunction  with  the 
galvanic  current  The  anode,  previously  dipped  in  a  cocaine  solution,  ii 
placed  upon  the  skin  a  certain  distance  from  the  cathode,  and,  after  the  cur 
rent  has  been  turned  on,  the  portion  of  the  skin  lying  between  the  electrodes 
becomes  anaesthetised.  The  strength  of  the  current  was  two  to  four  milli 
amperes.  The  method  depends  upon  the  cataphoric  action  of  the  current  in 
moving  fluids  from  the  anode  to  the  cathode. 

Cocaine  with  Ethyl  Chloride.— E.  Nagy  has  good  results  from  the  use  oi 
cocaine  in  combination  with  ethyl  chloride  for  the  extraction  of  teeth  (one 
third  to  one  half  a  syringeful  of  a  freshly  prepared  two-per-cent.  solution  ol 
cocaine).  The  gum  is  sprayed  with  the  ethyl  chloride  for  about  a  minute 
after  the  injection  of  cocaine,  until  a  thick  layer  of  white  crystals  forms. 

Other  AnsDsthetios  poeBeasing  a  Local  Action.— The  local  application  ol 
chloroform,  opium,  saponin,  amylene,  carbon  bisulphide,  etc.,  or  the  use  oi 
the  constant  or  induced  current  in  combination  with  chloroform,  tincture  ol 
aconite,  the  alcoholic  extract  of  aconite,  etc.,  have  all  been  found  to  be  oi 
little  value.  On  the  other  hand,  I  have  had  good  success  with  menthol  (in 
combination  with  lanolin  or  olive  oil).  Menthol  is  not  a  dangerous  drug, 
and  a  whole  hypodermic  syringeful  of  a  ten-  to  twenty-per-cent  solution  oi 
^  menthol  in  olive  oil  can  be  injected  into  and  under  the  skin.  The  etliei 
spray  may  be  combined  with  it  The  local  application  of  a  mixture  of  equal 
parts  of  menthol  and  lanolin  has  also  been  found  eificacious. 

As  a  substitute  for  cocaine,  Claiborne  has  recommended  stenocarpin  in  a 
two-per-cent  solution.    It  is  a  very  expensive  alkaloid. 

Erythrophljjeine  has  been  used  as  a  local  anaesthetic,  but  is  of  slight  value. 
Reid  recommends  drumine,  an  alkaloid  from  euphorbia.  Vamossy  uses 
anasiii  (aqueous  solution  of  acetone-chloroform),  which  in  a  one-per-c«nt 
aqueous  solution  corresponds  in  action  to  2  to  2.5  per-cent  cocaine.  Eucaine 
is  employed  a  good  deal  in  solutions  of  two  to  ten  per  cent.  Two  grammes 
can  be  injected  at  one  time  without  harm.  The  advantages  of  eucaine  over 
cocaine  are  said  to  be  that  it  is  less  poisonous,  cheaper,  more  stable,  and  can 
be  sterilised,  as  the  solutions  are  not  decomposed  by  heat  It  does  not  act 
like  cocaine,  by  producing  anaemia  of  the  tissues,  but,  on  the  conti^ary,  pro- 
duces hypenemia.  I  do  not  find  it  so  eificient  in  preventing  pain  a»cocaine 
Brauii  recommends  eucaine  for  infiltration  anaesthesia. 


CHAPTER  III. 

THE  PREVENTION   OF    LOSS   OF   BLOOD  DURING  AN  OPERATION. — ESMARCh's 

ARTIFICIAL    ISCHiEMIA. 

The  prevention  of  loss  of  blood  in  all  operations. — Different  methods:  Digital  com- 
pression of  the  main  artery;  tourniquets;  ligation,  or  "  Umstechung."  tearing, 
tying-off,  or  clamping  of  adhesions  or  of  blood-vessels  before  they  are  divided. — 
Esmarch's  artificial  ischaemia  in  operations  on  the  extremities  :  its  technique ;  its 
advantages  and  disadvantages. — Modifications  of  Esmarch's  method. — The  appli- 
cation of  the  method  to  various  parts  of  the  body. — Historical. 

§  18.  The  Prevention  of  Loss  of  Blood  during  an  Operation. — In  all 

operations  we  must  bear  in  mind  the  necessity  of  making  the  loss  of 
blood  as  small  as  possible,  particularly  in  the  case  of  weak  or  anaemic 
indiyidiials,  in  children  less  than  a  year  old,  and  in  the  aged.  If  this 
rule  18  not  taken  to  heart  many  a  patient  will  perish  simply  from  loss 
of  blood. 

The  modem  surgeon  has  many  ways  of  saving  blood  during  an 
operation.  Frequently  the  artery  supplying  the  part  in  question  is 
ligated  before  the  operation  is  begun,  as,  for  instance,  both  lingual 
arteries  in  removal  of  a  cancerous  tongue ;  or  the  artery  is  compressed 
by  the  finger  only  while  the  operation  lasts  (digital  compression) . 
again,  in  some  cases,  the  vessel  may  be  secured  by  a  suture  passed 
through  the  skin  and  under  the  vessel  (percutaneous  ligation  en  manse). 

In  the  extirpation  of  new  growths  and  tumours  connected  to  the 
snrromidiug  parts  by  vascular  and  more  or  less  strong  adhesions,  the 
ve&sels,  or  the  vascular  adhesions,  are  seized  by  self-locking  pincers  or 
artery  clamps,  and  the  vessels,  or  vascular  strips  of  tissue,  after  being 
secured  by  two  clamps,  or  a  double  ligature  of  silk  or  catgut,  are 
divided  between  them. 

This  procedure  is  much  facilitated  by  tearing  through  the  weak, 
nun-vascular  attachments,  which  yield  readily  to  the  pressure  of  the 
finger,  while  the  stronger  and  more  vascular  parts  resist,  and  can  be 
felt  and  more  readily  recognised. 

Lacerated  wounds  bleed  less  than  incised  ones.  If  a  large  vessel  is 
mounded,  the  bleeding  from  it  is  at  once  stopped  by  the  pressure  of 
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the  finger,  and  the  vessel  is  then  seized  by  an  artery  clamp  and  divide 
between  a  double  ligature,  one  of  which  closes  the  central  and  tl 
other  the  peripheral  open  end  of  the  vessel.  In  other  cases,  to  pr 
vent  loss  of  blood,  the  cautery  iron  or  galvano-cautery  is  used,  et 
The  technique  of  this  method  is  mentioned  later  (§  25). 

§  19.  Eniiaroh*8  Artificial  IschsBmia. — The  bloodless  method  of  ope 
ating  on  the  extremities  has  been  perfected  by  the  ingenuity  of  E 
march.  In  removing  an  extremity  by  Esmarch's  method,  not  only  ( 
we  save  the  blood  in  the  limb  to  be  amputated,  but  also,  during  tl 
operation,  bleeding  is  almost  entirely  prevented  by  the  elastic  constri 
tion  of  the  limb  previously  made  antemic.  The  so-called  toumiqu 
(Fig.  34:)  was  forrnerly  used  to  check  the  flow  of  blood  during  amput 
tions,  or  the  same  end  was  attained  by  compressing  the  main  artery  • 
the  part  with  the  fingers  (digital  compression).     (Figs.  35,  36.) 

At  the  present  time,  for  rendering  operations  on  the  extremiti 
bloodless,  we  use  Esmarch's  very  simple  and  efficacious  method,  whi< 
consists  in  tying  off  the  member  after  it  has  first  been  emptied  ( 


Fio.  84. — IVtitV  screw 
tournitiuet. 


Fio.  85. — Digital  compression 
of  the  femoral  arterv. 


Fio.  86. — Dijorital  conipruBsi 
of  the  brachial  artery. 


blood.     The  old-fashioned  tourniquets  and  digital  compression  ha^ 
been  abandoned  for  this. 

Suppose,  for  instance,  that  we  wish  to  perform  an  amputation  « 
the  leg.  After  the  leg  has  been  properly  disinfected  and  shaved,  it 
first  elevated  and  then  wrapped  in  a  sterilised  elastic  bandage  dra\^ 
moderately  tight,  from  the  toes  upward  as  far  as  the  lower  third  « 
the  thigh.  The  end  of  the  bandage  is  then  held  by  an  assistant,  < 
after  the  last  turn  the  roll  is  tucked  under  the  immediately  prece< 
ing  turn.  The  bandage  should  have  been  previously  disinfected  I 
immersion  in  a  solution  of  one  tenth  per  cent,  bichloride  or  of  thr< 
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to  foar  per  cent,  carbolic.  To  avoid  forcing  into  the  lymph  channels 
finv  noxious  materials,  such  as  tumour  germs  or  pus,  etc.,  the  diseased 
part  should  not  be  covered  by  the  wrappings,  but  carefully  avoided ; 


Tie.  27.-£Bmftrch*s  rubber         Fio.  88.— Clamp  for  the  rubber         Fio.  89.— Fixation  of  Es- 
tobin^    for   producing  tubing  used  for  producing  marches  rubber  tubing 

Mtiiicial  ischaemia.  artificial  iRchsBmia.  by  means  of  the  clamp. 

or,  better  still,  the  elastic  bandage  should  in  such  instances  not  be 
used  at  alL 

Finally,  Esmarch's  rubber  tourniquet  is  wound  moderately  tight 
around  the  limb  at  the  upper  termination  of  the  elastic  bandage,  and 
the  latter  is  removed.  In  case  the  elastic  bandage  is  not  used,  the 
extremity  is  held  vertically  for  a  couple  of  minutes  and  stroked  lightly 
frooi  above  downward  to  diminish  the  amount  of  venous  blood,  and 
then  the  rubber  tourniquet  is  applied.  Fig.  37  illustrates  the  usual 
form  of  Esmarch^s  elastic  tourniquet,  with  a  chain  and  hook  for  fas- 
tening it. 

Another  way  of  securing  the  tourniquet  is  illustrated  in  Figs.  38 
and  39.  The  two  ends  of  the  rubber  tube  are  inserted  in  a  so-called 
*'tabe  clamp,"  which  consists  of  a  half -open  brass  ring  fastened  to  a 
plate.  The  ends  of  the  tube  are  well  stretched  and  forced  into  the 
slot,  and  when  relaxed  the  ends  are  held  tightly  pressed  together  (Fig. 
3i)).  In  place  of  the  rubber  tubing  used  as  a  tourniquet  one  can  sub- 
stitute a  piece  of  linen  previously  sterilised  and  moistened.  Thus  the 
extremity  is  emptied  of  blood  up  to  the  lower  third  of  the  thigh,  and 
the  leg  can  be  amputated  as  on  the  cadaver. 

At  the  conclusion  of  the  amputation  the  principal  arteries  and  veins 
are  clamped  and  tied.  This  is  quickly  done,  as  the  vessels  can  be  easily 
«een  in  the  bloodless  stump.  The  larger  muscular  branches  of  the 
arteries  will  be  found  at  the  point  where  the  connective-tissue  sheaths 
which  envelop  the  different  bundles  of  muscles  cross  each  other. 
Vhen  all  the  visible  vessels  have  been  secured  in  the  bloodless  stump 
the  latter  is  elevated,  and  its  surface  compressed  with  two  or  three 
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aseptic  epouges  or  compresses,  while  an  assistant  slowly  loosens  tt 
Esmarch  tourniquet,  but  is  ever  on  the  alert  to  tighten  it  again  : 
bleeding  should  occur  at  any  point.  After  removal  of  the  toumiqm 
the  hitherto  apparently  dead  extremity  becomes  bright  red.  At  tb 
same  time,  unless  the  stump  is  elevated  perpendicularly  and  the  woun* 
compressed  for  a  couple  of  minutes,  there  almost  always  follows  cop 
siderable  oozing,  because  the  pressure  of  the  elastic  tourniquet  produce 
a  temporary  vasomotor  paralysis  which  prevents  the  smaller,  unsecured 
vessels  from  contracting  and  closing  spontaneously. 

When  Esmarch's  method  first  came  into  general  use  this  oozin| 
was  thought  by  many  surgeons  to  be  such  a  serious  matter  as  almost  U 
outweigh  tlie  advantages  of  the  method,  and  others  held  that  the  loeu 
of  blood  during  the  oozing  which  followed  was  greater  than  in  the  case 
of  the  old  methods.  Ice-water  irrigations,  the  application  of  the  elec- 
tric current,  injections  of  ergot  into  the  tissues  around  the  wound,  etc., 
were  all  practised  to  prevent  this  oozing. 

I  have  always  been  perfectly  satisfied  with  elevating  the  stump  and 
making  pressure  on  the  wound  for  a  couple  of  minutes  with  sponges 
or  compresses,  and  after  doing  this  I  have  never  seen  any  subsequent 
oozing  worth  mentioning,  and  the  patient  loses  really  only  a  few  dropa 
of  blood. 

Esmarch  recommended  that  drains  be  put  in  place,  and  the  wound 
sutured  and  dressed  antiseptically  before  removing  the  elastic  tourni- 
quet. This  can  be  done  in  suitable  cases — for  instance,  in  necrosis 
operations  or  extirpation  of  tumours.  I  never  adopt  it  in  amputations 
and  resections,  but  always  check  the  bleeding  first.  Whichever  plan 
is  adopted,  the  extremity  which  has  been  operated  upon  should,  after 
the  dressings  have  been  applied,  be  invariably  placed  in  an  elevated 
position  for  the  next  twenty-four  hours,  as  by  this  means  the  oozing 
will  be  minimised. 

This  elevation  of  the  stump  has  also  an  antiphlogistic  and  analgesic 
effect,  and  therefore  can  be  used  with  great  advantage  in  various  forms 
of  inflammatory  processes  on  the  extremities.  When  the  extremities 
are  elevated  there  is  regularly  a  diminution  in  the  height  of  their  tem- 
perature. According  to  Meule,  for  an  elevation  lasting  sixty  minutes, 
the  maximum  diminution  is  7.2°  C.  (12.9°  F.\  the  minimum  2'' C. 
(3.0°  F.).  Furthermore,  the  blood  pressure  is  lessened,  and  the  fre- 
quency of  the  pulse  averages  a  decrease  of  nine  heats  to  the  minute. 
Upon  this  also  depends  the  hieniostatic  power  of  elevation. 

The  advantiiges  of  Esmarch's  method  consist  in  the  actual  saving 
of  blood  and  in  the  possibility  of  operating  in  a  dry  wound  without 
the  need  of  sponges.     Moreover,  fewer  assistants  are  required,  and 
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everything  can  be  plainly  seen — a  matter  of  much  importance  in 
seareliing  for  a  small  foreign  body,  like  a  needle  point,  or  for  a  wound 
in  a  blood-vessel.  Furthermore,  Esmarch's  elastic-tube  tourniquet  can 
he  applied  to  any  part  of  the  extremities,  which  was  not  the  case  with 
the  old-fashioned  appliances. 

The  method  has  really  no  serious  disadvantages.  It  has  been  shown 
how  easy  it  is  to  stop  the  oozing  which  follows  removal  of  the  elastic 
tourniquet  and  which  has  been  found  fault  with  by  so  many  surgeons* 
and  I  do  not  yet  consider  it  proved  that  the  edges  of  wounds,  for  in- 
stance, in  amputations,  become  more  often  necrotic  after  using  Es- 
march's method  (Konig).  Sometimes  there  has  been  observed  a  pare- 
sis of  the  nerve  trunks  of  shorter  or  longer  duration,  especially  after 
tight  constriction  of  the  arm,  and  in  exceptional  cases  cutaneous  flaps 
have  died  from  want  of  nourishment.  But  these  mishaps  are  not  to 
be  ascribed  to  the  method,  but  to  its  unskilful  application — i.  e.,  to  too 
much  compression. 

The  Increased  Power  of  Absorption  possessed  by  the  Tissues  after  Be- 
na?al  of  the  Elastic  Tourniquet— Wolfler  experimented  on  dogs  with 
Potassium  ferrocyanide,  cyanide  of  potassium,  strychnine,  etc.,  to  determine 
whether,  in  a  limb  rendered  ansemic  by  Esmarch's  method,  absorption  occurs 
up  to  the  point  of  application  of  the  rubber  tubing*,  and  how  the  absorption 
is  affected  by  removal  of  the  constriction.  It  appeared  that  while  the  elastic 
tourniquet  remained  in  place  no  absorption  occurred,  but  that  after  it  was 
removed  absorption  was  very  much  accelerated.  Therefore  Wolfler  recom- 
mends that  the  constriction  be  maintained  until  the  wound  has  been  dressed 
antiseptically  and  elevated.  All  moistening  of  the  wound  with  such  poison- 
ous substances  as  carbolic  acid,  bichloride  of  mercury,  and  the  like,  should 
be  done  before  the  removal  of  the  elastic  tourniquet. 

Aatotransfdsion.— After  great  losses  of  blood,  which  endanger  life,  Es- 
march's bandage  may  be  applied  to  the  extremities  in  order  to  force  the  blood 
in  the  latter  towards  the  heart,  and  so  avert  a  threatened  heart  failure  or 
cerebral  anaemia  (so-called  autotransfusion). 

For  hfrw  long  a  time  can  EsmarcfCs  constriction  he  Jcept  np 
^^ith  impunity  ? — At  present  this  question  cannot  be  satisfactorily 
answereil.  Esmarch  has  maintained  his  artificial  anaemia  on  human 
limbs  for  two  hours  and  a  quarter  without  doing  any  damage.  If  the 
constriction  is  kept  up  for  three  to  four  hours,  the  vitality  of  the 
tissues  cut  oflf  from  the  circulation  may  be  imperilled.  The  results  of 
animal  experimentation  cannot  be  applied  to  man,  and  therefore  I 
^11  omit  a  discussion  of  the  same. 

The  following  is  a  brief  summary  of  the  technique  for  applying 
Esmarch's  constriction  to  particular  parts  of  the  body.  The  method  of 
nsing  Esmarch's  elastic  tourniquet  on  the  shoulder  for  high  amputation 
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of  tbe  arm,  or  for  removal  of  tbe  arm  at  the  shoulder  joint,  is  illustrati 
in  Fig.  it),  a  and  b.  The  Eeinarch  elastic  tonniiquet  cannot  be  Q6> 
for  diearticulation  of  the  arm — e.  g.,  for  a  large  tumour — because  he 


the  artery  would  be  compressed  against  the  head  of  the  buinems,  ar 
as  soon  as  the  latter  was  freed  from  the  joint  the  tourniquet  won 
be  useless.  Tlierefore  it  is  better  in  such  a  case  either  to  ligate  tl 
subclavian  artery  first  and  then  proceed  with  tlie  disarticulation,  or 
perform  a  high  amputation  of  the  arm,  using  Esmarch^s  constrictii 


mbber  tnhc,  then  lifrnte  the  vessels  in  the  stninp,  and  finally  remo' 
the  remainini;  pdrtioii  nf  the  linTnenis  finhperiostciilly.  It  is  manifest 
not  wise  to  carry  Esmari'li's  elastic  tourniquet  around  the  tliorax  in  tl 
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fufmof  a  shoulder  spicA,  as  tlie  thorax  would  he  compressed  during 
theiurwwb.  The  manner  of  applying  the  elastic  toiirni(piet  in  the 
Kfiuovf  the  hip,  for  amputation  of  the  thigh,  is  illnstrateil  iu  Fig.  41. 
The  [iressure  on  the  femoral  artery  can  he  increased  hy  placing  a  cloth 
pi  or  roller  bandage  beneath  the  elastic  tube  over  the  artery.  For 
ui[Hitation  of  the  hip  joint,  Esniareh  recommends  compreesion  of  the 
acirts  after  having  previously  emptied  the  intestines  (Figs.  42  to  44). 
The  foUow-ing  plan  (Volkmaun's)  is  Ijetter:  After  applying  the  rnbher 
tmdage  tightly  up  to  the  inguinal  region,  the  elastic  tourniquet  is  car- 
ried from  the  femoro-scrotal  commissure  in  the  <lirection  of  Pouparfa 
^pment  obliquely  outward  to  the  eemilunar  notch  of  the  ilium  be- 
tween its  two  anterior  spines.  During  the  operation  the  tube  is  held 
in  tbe  hands  of  an  assistant,  or,  better  Btij],  it  is  t?ecnred  in  position  hy 
three  pieces  of  bandage  tied  around  it  and  drawn  upward  to  prevent  it 
(lipping  down  after  division  of  tbe  muscles.  Another  way  is  to  apply 
Ikrnhber  tubing  about  the  thigh  and  pelvis  (Fig.  41),  perform  a  high 
impatation  of  the  thigh,  arrest  the  bEeniorrhage  in  the  stump,  and  then 
remove  the  stamp  of  bone  through  a  longitudinal  incision  over  the 
triK'hntiter.  Esmarch's  artificial  ischsemia,  combined  with  local  aiifes- 
iheaa,  is  excellent  for  small  o|)eratioiiB  on  the  fingers  and  toes.  In 
fperalioiis  on  the  male  genitals  Esniareh  winds  a  small  rubber  tube 
tTDiinil  the  base  of  the  scrotum  and  penis,  and,  crossing  its  ends  over 
llje  mons  Veneris,  he  carries  them  around  behind  and  ties  them  together 
oicr  the  sacrum.  But  I  do  not  consider  the  toumi<iuet  ueceesary,  par- 
ticul&rly  in  amputation  of  the  penis,  where  compression  of  the  part 
"itli  the  fingers  is  snlficient. 

isngenbeck  has  also  nsed  Esmarch's  method  in  operations  on  the 
Mllp.  Tbe  head  is  first  wrapped  in  a  gauze  bandage,  according  to  the 
rales  for  applying  the  "Mitra  IlipjKM^ratis"  (see  g  50,  Bandaging); 
tlien  the  rubber  bandage  is  passeil  around  tbe  forehead  and  occiput 
Wil  the  gtLxize  I>andage  cut  off. 

Hiitoi7  of  Altifloial  Aneemio.— Constriction  of  an  extremity  above  the 
piini  .>(  anipiitAtinii  wnn  niiicli  used  long  before  the  invention  of  the  tourni- 
qupibv  Morr>]l  and  .1,  L.  Petit,  and  Ambroise  Pare  practised  tbe  method  in 
'li*  nxtwnth  ceiiturj".  Kven  urtiflcial  anaemia  is  said  to  have  been  used  here 
wd  there,  though  never  ai  perfectly  an  by  Elsmnrch.  Grundesso  Silvestri 
Vpfsm  to  have  been  the  first  to  envelop  a  limb  with  an  elastic  bandage. 
Mi  iiintcad  of  n  tnuniiquet.  to  have  used  an  elastic  tube.  But  little  notice 
»M  taken  of  Silvestri's  proposition,  and  then  Esmarch,  witliout  knowing 
rtitSilvMtri  had  done,  continued  the  same  method.  Tlie  honour  of  bring- 
tttflcial  iachwmia  to  ils  present  perfe<7lion  is  certainly  duo  to  Eaniurch. 
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CHAPTER  IV. 

GENERAL   RULES   FOR   PERFORMING   AN    ASEPTIC  OPERATION  AND  FOR  TI 

AFTER-TREATMENT   OF   THE   PATIENT. 

a.   Behaviour  of  the  surgeon  during  the  operation,     h.  Experienced  assistance. 
Close  observance  of  antiseptic   principles,    d.  Asepsis  and  antisepsis,    e,  Ac< 
dents  during  the  operation:  (1)  Syncope;  (2)  convulsions;  (3)  hasmorrhage. 
Operations  on   **  bleeders."    g.  Death   from  entrance  of  air  into  the  veins.    < 
Death  from  other  causes,     i.  Supplement :  (1)  After-treatment  of  operative  caset 
(2)  the  most  important  causes  of  death  after  operation. 

§  20.  Performance  of  an  Aseptic  Operation. — After  the  above-men 
tioned  preparations  for  an  aseptic  operation  have  been  made,  and  th 
patient  has  been  anaesthetised,  every  operation  should  be  performed 
quickly,  without  hesitation,  and  with  the  most  scrupulous  regard  \a 
antiseptic  precautions.     It  is  not  of  so  much  importance  now  as  it  wai 
before  the  introduction  of  anaesthesia  to  perform  an  operation  vritl 
great  rapidity  in  order  to  spare  the  patient  pain.     But  even  at  the 
present  time  we  perform  operations  as  quickly  as  possible,  because  we 
know  that  an  operation  by  lasting  for  too  long  a  time  may  prove  fatal 
to  the  patient.     Especially  is  this  true  of  operations  in  the  peritoneal 
cavity,  which  may  prove  fatal  shortly  after  the  operation  because  of 
the  long-continued  loss  of  body  heat  (Wegner).     The  most  important 
conditions  for  rapid  and  safe  operating  are :  a  careful  examination  of 
the  patient  before  operation ;  a  certain  diagnosis ;  accurate  anatomical 
knowledge ;  and  a  natural  manual  dexterity.    A  sharp  knife  and  proper 
instruments  scrupulously  clean  are,  of  course,  indispensable. 

As  we  are  fully  conversant  of  the  fact  that  all  wound  diseases  are 

the  result  of  infection  by  bacteria,  and  that  the  life  of  our  patient  may 

be  placed  in  great  dangrer  if  the  bacteria  enter  the  wound,  we  must 

always  observe  the  strictest  asepsis;  no  unclean  finger,  no  instrument 

which  \\^\s>  not  been  previously  disinfected,  must  come  in  contact  with 

the  wound.     The  hands  and  clothing  of  the  operator  and  his  assistants, 

the  instruments,  sponges,  or  gauze  pads,  the  field  of  operation,  etc., 

are  sterilised  after  the  method  described  in  §  6,  and  everything  around 

the  area  to  be  operated  upon  is  covered  with  aseptic  compresses  or 
60 
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towels.     Beside  the  operator  and  Lis  asfiistanta  there  should  be  siiit- 
ible  baans  for  holding  clean  disinfecting  solutious,  espeeiallj  three- 
per^^ent.  carbolic  or  1  to  1,000-5,000  bichloride.     Particular  care  must 
beUkeu  that  the  wound  b  not  coiitaitiiitated  directly  or 
bdiretlly  by  any  spectator's  hands  which  have  not  been  f  1 

dainfected — for  instance,  by  allowing  Lim  to  pass  instni-  II 

nents,  sponges,  etc.     Most  carefully  sterilised  sponges  or  || 

pdi  are  used  to  keep  the  wound  dry,  but  they  should 
bring  uothing  into  the  wound  from  the  surface  surround-, 
ii^  it.  F"or  operating  upon  the  cavities  in  the  body — 
eg.,  the  moutli,  vagina,  etc. — sjwnge  holders  are  re- 
qiiired. 

All  excellent  pad  or  sponge  holder  is  illustrated  in 
Tig.  i5.  By  puishiug  up  the  ring  the  jaws  are  closed,  and 
BO  finnly  hold  the  sponge  or  pad.  The  use  of  too  con- 
ceotrated  antiseptic  solutions  should  be  avoided,  for  they 
ms;  cause  dangerous  or  even   fatal  poisoning.     Lister's  ■ 

tnliseptic   spray   of   three- per -cent,   carbolic  acid   is   no  H 

longer  used  during  the  operation.    We  operate  by  the  dry  H 

Diethod  as  far  as  we  can,  and  should  make  it  our  aim  to  ™ 

irriUite  the  wound  as  little  as  possible.  Sponire  licfidc 

The  beginner  must  learn  gradually,  by  experience,  all 
tbit  I  have  mentioned  ;  what  he  can  learn  from  books  is  not  sufficient. 
Wlien  the  operation  is  finished,  the  fate  of  the  patient  is  practically 
^njady  settled. 

S  21.  Tbe  AcoidentB  daring  an  Operation. — The  accidents  which  are 
li»Mo  to  t>ccur  during  an  i.iijcratiou  can  be  ouly  briefly  mentioned  here. 
We  naturally  leave  out  of  account  all  tlie  numerous  unpleasant  things 
wliicb  may  be  caused  by  the  operator's  error  in  diagnosis,  bis  lack  of 
»kill  and  judgment,  etc.  The  reader  is  referred  to  my  text-book  on 
Kegioual  Surgery  for  many  common  act-idents  peculiar  to  certain  oper- 
atioD» — such  as  the  disturbances  which  may  be  caused  by  operations 
en  tile  month,  air-passages,  and  thoracic  and  peritoneal  cavities. 

Mention  lias  l>een  made  on  pages  29  and  41  of  the  accidents  occur- 
•ingduring  iiarcosiB.  I  sliall  descrilie  the  other  unfortunate  occurrences 
briefly  as  follows: 

l^iicope. — Syncope  occasionally  takes  place,  especially  in  weak  and 
(ncmic  individual^  during  small  operatious  performed  without  an 
tocetbetic.  It  cither  comes  on  suddenly,  without  warning,  or  it  is  pre- 
oded  by  a  feeling  of  anxiety,  or  a  sinking  feeling  al>out  the  pit  of  the 
rtonisch,  or  nausea,  etc.  The  face  becomes  deadly  pale  and  covered 
■  cold  sweat,  consciousness  is  lost,  and  the  patient  falls  to  the  iloor 
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if  standing,  or  drops  to  one  side  if  lie  is  sitting  in  a  chair.  Sudd 
death  has  been  known  to  occur  in  this  way,  as  mentioned  on  page  l 
During  the  swoon  the  sense  of  pain  is  lost. 

Convulsions. — Hysterical  or  alcoholic  individuals  sometimes  ha 
convulsions  either  with  or  without  the  syncope.  If  the  cause  of  t 
syncope  is  purely  nervous  the  patient  soon  recovers,  usually  after 
few  seconds,  and  seldom  requires  longer  than  two  or  three  minute 
If  excessive  loss  of  blood  is  the  cause  of  the  syncope  the  prognosis 
of  course  less  favourable.  The  nature  and  treatment  of  this  form  < 
syncope  will  be  taken  up  under  the  subject  of  Wounds. 

The  treatment  of  the  nervous  syncope,  if  I  may  call  it  such,  coi 
sists  in  placing  the  patient  in  the  horizontal  position,  sprinkling  tl 
face  with  cold  water,  chafing  and  rubbing  the  body  and  soles  of  th 
feet  with  wet  cloths,  giving  stimulants,  camphor,  wine,  ammonia,  aLs 
plenty  of  fresh  air,  etc. 

Bleeding. — The  dangers  which  arise  from  bleeding  during  a 
operation  are  slight,  as  the  capable  and  careful  surgeon  is  able  to  con 
trol  it  in  a  great  many  ways.  The  treatment  of  bleeding  is  discusset 
in  §§  27-30. 

An  operation  may  be  complicated  in  a  very  dangerous  way  if  i 
is  undertaken  on  an  individual  of  the  class  of  so-called  bleeders. 

The  *< Bleeder  DiBease/'  or  Hsmophilia.— The  term  ''bleeder  disease/'  oi 
haemophilia,  is  understood  to  mean  a  constitutional  anomaly,  almost  always 

congenital,  which  is 
chai*acterised  by  a  very 
marked  predisposition 
to  bleeding  spontane- 
ously or  as  the  result 
of  some  slight  trau- 
matism. 

Hsemophilia  is  gen- 
erally an  inherited  dis- 
ease, and  occurs  in  so- 
called  bleeder  families, 
in  which  it  is  trans- 
mitted through  many, 
generations,  afOicting 
the  members  in  both 
the  direct  and  indirect 
lines  of  descent  Los- 
sen  lias  investigated  three  generations  of  a  bleeder  family  of  one  hundred 
members  which  took  its  origin  from  healthy  parents ;  seventeen  of  this 
family  were  bleeders,  and  nine  died  from  excessive  loss  of  blood  (see  Fig.  46), 
The  disease  appears  to  be  more  common  in  the  male  sex — according  to 
Konig,  in  the  proportion  of  one  woman  to  thirteen  men.     Furthermore,  it  is 
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Fig.  40. — Family  tree  (Lonsen).     ■,  Bleeders  (all  inales^ 
c,  hcullhy  males;  Q,  healthy  femaless. 
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*  tact  lluit  luemopliilitt  is  transmitted  chiefly  through  the  female  meiiibci^s  iif 
the  blixxlrr  fatnily  who  do  not  themselves  suffer  from  the  diseasf  and  who 
marry  healtfay  men.  Moreover,  the  children  of  a  male  hEeinophlliao  are  usu- 
klly  fre«  from  the  disease.  In  only  exceptional  euses  tins  anomaly  appears 
not  to  be  truii^nital  hut  to  develop  slowly  after  birth. 

The  putJialogj'  of  li;£uiopliilia  is  atitl  but  little  understootl.  The  cause  of 
■he  diatase  hus  been  ascribed  to  an  abnormal  thinness  of  the  walls  of  the 
venels.  loading  to  their  easy  rupture  i  to  their  possessiug  too  slight  a  power 
of  rootniction,  or  rather  to  a  deficiency  in  the  muscular  coat  of  the  arteries : 
loan  abnormal  blood  pressure  due  to  loo  small  a  calibre  in  the  main  arterial 
trunks:  and,  finally,  to  an  abnormality  in  the  composition  of  the  blood,  mani- 
fested by  imperfect  coagulation.  But  there  ia  no  proof  that  any  of  these 
ounes  actually  produce  ha.-mophilia.  and  the  microscopical  and  chemical 
euiuiuatiou  of  the  LIoikI  has  hitherto  warranted  no  conclusion  as  to  the  eti- 
olo^  uf  the  disease.  The  blood  usually  coagulates  normally,  though  I  can 
■Ifirm,  in  respect  to  one  case  at  least,  that  the  hlood  coagulated  rather  slowly 
Utd  imperfectly.  Mautenffel  also  found  in  one  case  that  the  blood,  without 
Ifae  addition  of  Schmidt's  ferments,  required  four  and  a  huJf  minutes  for 
coj^latioii.  and  with  the  ferments  only  ten  seconds.  I  am  inclined  U> 
Wis'TO  that  the  composition  of  the  blood  or,  in  other  words,  its  mode  of 
HMgulation  is  not  normal  in  hcemophilia. 

We  know  that  in  pronounced  leuca:mia,a  disease  of  the  blood  character- 
Bed  bj-  the  presence  of  an  excess  of  white  blood-corpuscles,  severe  or  unre- 
■tninable  hiemorrhage  may  occur.  For  thin  reason  surgeons  hesitate  be- 
fuK  removing  an  enlarged  spleen  in  leucaemia;  almost  all  the  patients 
hitberto  operated  upon  have  died  from  hffi:Uiorrliage.  Tlie  walls  of  the  blood- 
nwls  in  a  case  of  ha-mophilia  probably  do  not  possess  the  normal  degree  of 
ttmigtli.  and  consequently  are  easily  ruptured  by  the  slightest  traumatism, 
w«Mi  without  any  known  cause. 

Aa  to  the  symptomatology  of  hsemophilia,  the  hiemorrhages  sometimes 
bifin  immediately  after  birth — for  instance,  as  an  umbilical  haemorrhage — or 
tlicy  accuiiipauy  circumcision  in  Jewish  boys ;  but  usually  they  make  their 
•Fpearaiice  later,  at  the  time  of  dentition,  of  shedding  the  milk  teeth,  or  at 
Ibei^of  puberty  ;  in  other  words,  at  periods  of  life  when  traumatisms  ar«  of 
ncn  frequent  occurrence. 

The  haemorrhages,  usually  parenchymatous  in  nature,  take  their  origin 
hnn  tfaunialisms  even  of  the  most  insigniBcaut  kind.  Spontaneous  bfemnr- 
riiagH  have  been  observed  without  any  apiMreut  cause ;  for  instance,  in  and 
nder  Uie  skin  and  mucous  menibrunes.  or  from  the  stomach,  intestine,  and 
piiiUfiunnary  tract  But  tliese  liKuiorrhuges  may  be  caused  by  slight  inju- 
("•  uf  an  unknown  nature.  At  any  rale,  parenchymatous  haemorrhages  in 
iiilcnial  iirguus  which  are  thoroughly  protected  almost  never  occur. 

The  tmumutisma  which  produce  bleeding  in  haemophilia  are  often  of  the 
WW  iuHiguiGcunt  kind  :  for  inslance.  a  trifling  pressure  on  some  part  of  the 
•kin  will  occasion  bleeding  into  and  beneath  this  area;  brushing  the  teeth 
TiUcaaae  the  guuis  lo  bleed;  and  blowing  the  nose  is  often  followed  by  a 
polouged  nosebleed.  Of  especial  interest  are  the  hiemorrhages  into  the 
joints,  producing  a  t>eculiar  multiple  joint  disortler  (see  Diseases  uF  Joints). 
Tho  bite  of  a  leech  or  an  insect,  the  prick  of  a  needle,  are  not  u 
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followed  by  a  remarkably  profuse  luemorrhage.  Fatal  ba.'roorrhage  1 
been  obgerved  tn  follow  the  extraction  of  a  tooth,  and  when  open  wouii 
are  made  and  operations  are  undertaken  the  result  can  he  imagined.  Ii 
pponouueed  case  of  hu:mophilia  every  method  of  hu^mostnsis  may  he  tried 
vain  and  the  patient  will  die  of  ha'morrbage.  The  bleediiig  ma}'  appeAt* 
he  stopped,  but  it  will  recur  again  and  again.  Such  a  state  umy  go  ou  f 
(lays,  weeks,  and  even  months,  but  it  generally  requires  only  a  few  days 
terminate  life. 

Usually,  ble«ders  seem  to  possess  a  remarkable  power  of  withstanding  ll 
loss  of  blood,  and  not  infrequently  recover  completely  from  very  large  hiei. 
orrhftges.  One  patient  of  Coalea'a  lost  twelve  kilogrammes  of  blood  in  eleve 
days.  As  the  subject  of  h:emophiIia  grows  older  the  intensity  of  his  diaeai 
seems  to  diminish,  and  in  a.  few  instances  it  has  disappeared  entirely. 

The  prognosis  of  hotiuophilia  depends  upon  the  severity  of  the  diseat 
and  the  number  and  kind  of  traumatisms  the  individual  may  be  subject  U 
Uany  sad  cases  go  to  show  that  patients  with  marked  hfemophilia  often  d 
not  get  beyond  the  age  of  boyhood,  but  die  quite  young  from  some  triQlD 
wound  or  some  necessary  operation,  or  they  waste  sway  witli  marked  ami 
mia,  which  is  gradually  produced  by  the  constantly  recurring  losses  of  bluo< 
resulting  from  the  slightest  mechanical  injury.  As  they  get  on  in  years  tL 
prognosis  improves,  and  the  diaeuse,  when  rudimentary  in  character,  ma; 
disappear  altogether. 

Treatment  of  Hfemophilia. — In  the  ease  of  children  who  come  fron 
bleeder  families  or  have  a  niai'ked  tendency  to  bleeding,  prophylaxis  is  verj 
important.  Every  means  should  be  taken  to  improve  their  general  conditior 
by  good  food  and  air,  by  frequent  baths,  by  a  careful  toughening  of  the  body 
etc.,  and  in  this  way  the  disposition  to  bleeding  may  perhaps  be  checked,  oi 
at  least  diminished.  The  rest  of  the  prophylactic  treatment  consists  in  pro- 
tecting the  patient,  as  far  as  possible,  from  every  kind  of  traumatism  which 
may  give  rise  to  bleeding.  Any  trilling  mechanical  or  operative  procedure 
— for  instance,  vaccination — should  be  conducted  with  the  utmost  caution  ; 
operations  should  only  he  performed  in  case  of  the  most  extreme  urgency. 
Not  infrequently  bleeders  have  died  of  hpeinorrhage  after  an  oi)eration,  be- 
cause there  was  no  previous  knowledge  of  their  fatal  peculiarity. 

The  process  of  healing  in  bleeders  is  accompanied  by  peculiar  difficulties, 
which  are  illustrated  by  on  experience  of  Thiersoh's,  who  removed  an  en- 
cysted tumour  from  the  face  of  a  bleeder  at  his  urgent  request.  The  wound 
took  sis  weeks  to  heal,  and  the  patient  came  near  dying  from  the  complica- 
tions. Thiersch  recommends,  from  his  experience,  that  the  wound  be  not 
sutured,  and  that  compression  dressings  he  discarded. 

Haemorrhage  in  bleeders  is  checked  by  ligation  of  the  bleeding  vessels, 
and  when  necessary  by  the  application  of  a  solution  of  percliloride  of  iron, 
or  the  actual  cautery,  generally  in  the  shape  of  the  Paquelin  instrument.  It 
has  l>een  mentionetl  that  bleeding  is  especially  apt  to  occur  when  the  eschar 
or  thrombus  comes  away,  and  therefore  it  should  be  kept  from  being  dia- 
-turbed  as  long  as  possible.  Thiersch,  in  his  case,  allowed  the  wound  to  fill 
with  a  blood  clot  and  surrounded  it  with  a  wall  of  cuniprasses  impregnated 
with  ten-per-cent.  salicylic  acid,  and  then  wra|)ped  the  whole  in  a  thick  layer 
of  carholised  jule  containetl  in  sterilised  gauze  without  applying  any  pres- 
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sure.  lu  this  way  he  avoided  all  pressure,  and  also  prevented  the  clot  from 
becoming  prematurely  loosened.  On  the  thirty-eigfhth  day  the  clot  came 
awaj  and  the  entire  surface  of  the  wound  was  skinned  over. 

Manteuffel  stopped  the  hasmorrhage  from  an  alveolus  hy  cocaine  and 
insertion  of  a  piece  of  cotton  which  was  saturated  alternately  with  Schmidt's 
coagulatiDg  ferment  (zymoplasma)  and  an  aqueous  solution  of  thrombin. 

Henry  Finch,  from  a  successful  experience  with  three  cases,  advises  vene- 
section in  hsBmophilia  in  conjunction  with  hot- water  irrigation.  By  means 
of  the  latter  the  coagulation  of  the  blood  is  rendered  more  rapid  and  com- 
plete. Wright  praises  the  internal  administration  of  the  salts  of  lime  prior 
to  operation,  these  salts,  as  is  well  known,  increasing  the  coagulability  of 
the  blood  (see  §  61).  The  internal  treatment  of  haemophilia  by  ergotin,  ace- 
tate of  lead,  laxatives  (Glauber's  salt),  etc.,  is  useless. 

Sntranoe  of  Air  into  the  Veins. — The  unpleasant  consequences  of  the 
entrance  of  air  into  the  veins  should  receive  special  attention.  It  occurs 
exclusively  after  wounds  of  the  veins  in  the  neighbourhood  of  the  thorax,  or 
niore  particularly  of  the  heart ;  among  these  veins  are  included  the  axil- 
lary, subclavian,  jugular,  etc.  There  is  scarcely  ever  a  positive  pressure  in 
these  veins,  and  with  every  inspiration  it  becomes  decidedly  negative,  so  that 
^if  is  sucked  in  when  they  are  wounded — for  instance,  during  an  operation. 
Added  to  this,  the  veins  in  immediate  proximity  to  the  thorax  gape  open 
after  being  wounded,  and  fail  to  collapse  because  they  are  so  closely  attached 
to  the  surrounding  connective  tissue  and  fascia. 

This  is  the  case  with  the  superior  vena  cava,  subclavian,  and  internal 
ju^lar  veins.  Death  only  takes  place  when  a  large  amount  of  air  is  sucked 
in  at  once ;  but  single  air  bubbles  are  harmless,  as  they  gradually  disappear 
from  the  blood.  Death  from  the  entrance  of  air  into  the  veins  has  been 
explained  in  various  ways.  According  to  Couty  and  Jurgensen,  the  air  col- 
lects in  the  right  side  of  the  heart  and  prevents  the  contraction  of  the  right 
ventricle,  causing  the  heart  to  stop  finally  in  diastole.  The  filling  of  the 
right  side  of  the  heart  prevent^'the  entrance  of  venous  blood,  thus  stopping 
first  the  pulmonary  and  then  the  whole  arterial  circulation.  According  to 
others— Passet,  for  instance — the  air  passes  from  the  heart  to  the  pulmonary 
arteries,  where  it  is  arrested,  interrupting  the  pulmonary  circulation  and 
preventing  the  left  ventricle  from  filling  with  fresh  blood.  According  to  a 
third  theory,  air  embolisms  in  the  cerebral  arteries  furnish  the  principal 
cause  of  death. 

Recently  Hauer  has  studied  the  subject,  experimenting  chiefly  on  rabbits, 
and  lias  come  to  the  conclusion  that  death  is  principally  the  result  of  air 
embolism  in  the  small  pulmonary  vessels,  and  that  death  can  likewise  be 
caused  by  emboli  in  the  cerebral  vessels,  as  small  air  bubbles  pass  through 
the  pulmonary  circulation  into  the  left  ventricle.  The  introduction  of  air 
into  the  veins  has  long  been  made  use  of  as  a  method  of  producing  death 
experimentally  in  animals.  Rabbits  are  very  sensitive  to  air  in  the  veins, 
^iiile  in  dogs  eight  to  ten  cubic  centimetres  of  air  can  be  injected  into  the 
<*utralend  of  the  jugular  vein  without  a  fatal  result. 

In  raan,  the  a.spiration  of  air  into  the  veins  has  hitherto  been  observed 
^  occur  principally  during  operations  in  the  neighbourhood  of  the  thorax 
i^ion  dangereuse).    Greene  has  collected  sixty-seven  cases  with  twenty- 
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seven  recoveries,  but  a  large  proportion  of  these  are  untrustworthy.  The 
air  is  generally  aspirated  with  an  audible  sucking,  gurgling  sound,  and  in  the 
worst  cases  death  occurs  imniediatelv.  If  the  amount  of  air  taken  in  is 
small,  the  patient  will  recover,  though  Konig  saw  in  such  a  case  great 
anxiety,  with  laboured  breathing  and  dilated  pupils. 

Besides  the  veins  just  mentioned,  wounds  of  other  veins  have  been  known 
to  result  fatally  from  aspiration  of  air,  particularly  after  a  very  deep  inspira- 
tion. This  is  true,  for  example,  of  the  dural  sinuses  and  of  the  veins  at  the 
bend  of  the  elbow  during  venesection.  Aspiration  of  air  is  not  possible  in 
the  case  of  the  veins  of  the  lower  extremity.  Spontaneous  aspiration  of  air 
must  not  be  confused  with  injection  of  the  same,  as,  for  example,  in  uterine 
injections.  Injection  of  air  into  the  veins  of  the  uterus  may  also  prove 
fatal. 

Treatment  of  Air  in  the  Veins. — Our  treatment  of  this  condition  amounts 
to  very  little.  By  way  of  prophylaxis,  operations  in  the  neighbourhood  of 
the  great  veins,  particularly  in  the  neck,  should  be  conducted  with  the 
greatest  care.  If  a  large  vein  is  wounded  and  air  is  sucked  in,  the  opening 
in  the  vein  should  be  immediately  stopped  with  the  fingper,  especially  during 
inspiration,  and  the  wound  filled  with  an  aseptic  fluid,  perhaps  squeezed 
from  a  sponge,  as  air  only  gets  into  the  vessel  when  the  wound  is  dry. 
Sometimes  the  air  bubbles  are  forced  out  of  the  open  vein  during  expiration, 
and  on  this  account  Fischer  has  suggested  that  vigorous  expiratory  move- 
ments be  made  by  compressing  the  thorax.  The  vein  is  then  to  be  ligated 
as  quickly  as  possible  to  prevent  any  further  entrance  of  air.  If  the  amount 
of  air  that  has  entered  the  vascular  system  is  not  too  great  it  can  be  rapidly 
absorbed  or  eliminated.  The  air  is  eliminated,  according  to  Heller)  more 
quickly  if  the  patient  inhales  a  mixture  of  air  containing  very  little  nitrogen. 
If  a  large  amount  of  air  has  already  been  sucked  into  the  vein  and  has 
reached  tlie  heart,  further  treatment  is,  of  course,  useless,  for  death  in  such 
cases  is  usually  instantaneous. 

Other  Causes  of  Death  during  an  Operation. — These,  aside  from  the 
cases  of  actual  uialpractice,  are  usually  due  to  the  large  amount  of 
blood  lost ;  to  the  particular  kind  of  operation  and  the  length  of  time 
it  takes  ;  to  the  excessive  loss  of  body  heat,  especially  in  operations  in 
the  peritoneal  cavity  ;  and,  finally,  to  the  constitution  of  the  patient. 
These  subjects  are  fully  discussed  in  another  chapter. 

§  22.  The  Post-operative  Treatment  of  Patients. — The  student  is 
referred  to  the  Kegional  Surgery  for  the  after-treatment  of  special 
operative  cases. 

The  general  treatment  of  the  patient  is  very  simple  if,  as  usually 
happens,  the  healing  process  runs  a  normal  course.  After  the  opera- 
tion has  been  performed  and  the  dressing  applied,  the  patient  is  put  to 
bed  and  surrounded,  when  necessary,  with  warm  bottles,  not  too  hot, 
which  are  usually  wra piped  in  fiannel  to  preveut  them  from  burning 
the  skin.  The  position  of  the  patient  should  be  as  comfortable  as 
possible,  with  es])ecial  reference  to  the  part  of  the  body  which  has  been 
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operat<?^i  tipon.  Old  people,  those  suffering  from  enipliyseiua,  etc., 
eliould  iiot  hnve  tLeir  hend  and  thorax  placed  too  low,  as  dyspnoea 
or  a  hypostatic  congestion  of  the  lungs  may  easily  occur.  Imme- 
diately after  the  operation  the  pymptoms  which  are  the  result  of  the 
narcosis  become  more  or  less  prominent.  For  their  treatment,  see  i 
page  36. 

Il  L8  very  important  to  take  the  temperature  two  or  three  times  a 
day  with  a  reliable  tliermometer,  and  also  to  keep  run  of  the  pulse. 
Recovery  usnally  takes  place  without  fever,  tlie  latter  being  the  result 
either  of  imperfect  asepsis  during  the  operation  or  of  a  fever  existing 
liefttre  the  operation.  Every  wound  fever  is  caused  by  the  absorption 
of  toxic  substances  from  the  wound  into  the  general  circulation.  The 
»>-call<M)  aseptic  wound  fever  |Volkniann,  Genznier),  which  probably 
depends  upon  the  absorption  of  blood  or  fibrin  ferment,  is  but  seldom 
^eeo.  In  general,  it  has  been  my  experience  that  in  all  cases  where 
fever  follows  operation  there  will  be  found  a  corresponding  disturb- 
ance of  the  normal  course  in  the  healing  of  the  wound.  For  the  details 
of  the  nature  and  ti^itment  of  this  fever,  see  §  62. 

Tlie  greatest  pains,  therefore,  must  he  expended  on  a  careful  super- 
vision of  the  healing  process.  The  dressings  should  be  changed  if  it  is 
railed  for  on  account  of  fever,  pain,  or  for  the  removal  of  draitiage, 
stitches,  etc.,  or  if  the  dressings  l>ecorae  loosened,  displaced,  or  sutu- 
TBled  by  the  secretion  from  the  wound.  The  diet  should  be  reduced 
iu  ({noiitity,  since  the  need  of  nourishment  is  less  because  of  the  rest  in 
bed  and  the  lack  of  exercise.  Weak  individuals  should  be  given  plenty 
uf  wine  and  light,  easily  digestible,  but  strengthening  food.  For 
quieting  the  patient  or  for  allaying  pain,  morphine  should  be  adminis- 
tered in  the  form  of  a  sulwutaneous  injection  (0.01  to  0.02  gramme). 
But  morphine  must  be  used  with  caution  ;  while  some  individuals  can 
take  very  large  doses  with  impunity,  others  will  manifest  symptoms  of 
poisoning  after  very  small  doses.  Next  to  morphine,  the  best  hypnotic 
ii  chloral  hydrate  (Liebreich),  two  to  three  to  tive  grammes  of  which, 
pven  in  a  glass  of  water,  will  usually  induce  sleep  very  quickly.  But 
patients  soon  get  usetl  to  the  drug,  and  it  then  becomes  more  or  less 
ineffectual  and  may  protiuce  gastric  irritation.  Of  the  new  hypnotics, 
Milphoual  and  paraldehyde  are  very  good. 

^  i23.  The  Uoat  Lnportant  Caiues  of  Death  after  Operation  are  briefly 
as  follows :  Colla|»se ;  i^boik  ;  aiuemia ;  secondary  hiBMiorrhage ;  poison- 
ing from  the  drugs  used  with  the  drfssings.  kucIi  as  iodoform,  carbolic 
mntl,  bichloride  of  ttiert'ury,  et«. ;  and  particularly  the  wound  diseases 
which  come  from  infection  with  micro-orgimisms— erysipelas,  pysemia, 
and  septicKuiia,  which  will  be  described  iu  their  proper  places. 


J 


68    GENERAL  RULES  FOR  PERFORMING  AN  ASEPTIC  OPERATION. 

We  aim  to  prevent  the  infectious  diseases  hy  the  most  rigid  asepsi 
during  tlie  operation ;  to  prevent  poisoning  hy  the  cautions  use  o 
antiseptics,  and  secondary  htemorrhage  by  the  most  oirefnl  ]if!;atioi 
of  bleeding  points  in  the  wound.  We  try  to  njake  the  amount  o 
hlood  lost  during  the  o^ieration  as  small  a§  possible  by  the  method 
desfrilied  in  §  IH  und  §  in.  Tlie  best  nie»ns  to  prevent  an  inipwid 
ing  collapse  from  hipmorrliage  is  the  transfusion  of  deJibrinated  blood 
or,  l>etter  still,  of  a  O.C-per-cent.  solution  of  sodium  chloride  into  tlit 
circulation  or  subcutaneously. 

Recent  experiments  have  demonstrated  that  the  iufueion  of  a  O.ti- 
per-cent.  solution  of  sodium  chloride  hito  the  general  circulation  is,  on 
the  whole,  better  than  transfusion  of  blood.  (For  jmrticulars,  see  §  89.) 
Patients 'suffering  from  acute  aiiiemia  should  also  be  given  plenty  to 
drink,  and  wine  es]iecially.  If  collapse  comes  on,  subcutaneous  injec- 
tions of  camphor  1 1  to  5  of  olive  oil)  and  ether  should  be  given  with 
the  hypodermic  syringe.  In  severe  cases  this  hypodermic  administra- 
tion of  cjimplior  anil  ether  may  be  repeated  several  times  at  intervals 
of  a  few  iiiinulCK. 

KenroBeB  following  Operation. — Sometimes  after  operations  neuroses 
of  the  most  vaned  sort  will  occur,  especially  hysterical  phenomena, 
melancholia,  nervous  delirium,  etc.  They  are  most  common  in  neuras- 
thenic subjects,  and  repeated  narcoses  may  increase  their  severity  to  a 
marked  degree. 

The  Influence  of  Cotutitntioual  Anomalies  on  the  Healing  of  the 
Wound.— Eiiipbasis  Ims  juHlly  bueu  laid  u|K>ti  tlie  fai't  tliiit  llie  wound  will 
run  the  normal  uourse  in  healing  if  the  operatiuu  has  been  performed  with 
the  most  rigid  observance  of  asepsis. 

But  there  are  chronic  diseascH,  const Jtutioual  derangements  in  the  nutri- 
tion of  the  tissues,  which  nccasionatlj  iuAuence  the  course  of  liealing'  iu  the 
wound  (Verneuil,  Paget).  To  this  class  belong  esipecially  chronic  eiidarterilis, 
gout,  alcoholism,  syphilis.  Bright'a  disease,  diabetes,  scurvy,  malaria,  leucae- 
mia, pernicious  ana-niia,  the  morphine  habit,  elc. 

Individuals  suffering  from  chronic  heart  or  kidney  disease  generally 
have  little  power  of  resistance,  aii<i  not  infre<|iiently  collapse  after  a  slight 
and  insignificant  operation.  As  Lloyd  has  remarked,  disease  of  the  kidney 
can  be  so  iutcusiiied  by  ether  or  chloroform  narcosis  that  threatening  symp- 
toms of  a  collapsolike  nature  may  make  their  appearance.  These  chronic 
diseuscs  will  sometimes  cause  a  great  retardation  in  the  healing  o(  the  wound 
made  during  the  operation.  It  is  well  known  how  badly  wounds  heal  in 
persona  afflicted  with  sciu-vy,  leuciemia,  (jernicious  anipinia,  and  diabetes. 
Operations  should  be  carried  out  with  every  antiseptic  precaution  in  the  case 
of  pregnant  women  ;  while  in  children  Ips.s  than  a  year  old.  as  well  as  in  the 
Tery  aged,  great  care  must  be  taken  to  prevent  uuneccssaiy  loss  of  blood. 
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3.  Lancet  (Fig.  47,  h).     This  form  of  knife  is  old-fasliioned,  a 
is  but  little  ased  at  present,  except  the  so-called  vaccination  lancet  (F 

47,  i).    Its  point  has  a  shallow  groove  for  carrying  Ijni 
or  vaccine  virus. 

As  shown  in  the  illustrations,  the  blades  of  the  seal] 
and  bistoury  have  diiferent  shapes,  some  being  decidec 
or  slightly  convex,  or  straight  or  curyed  to  a  greater 
less  degree.  The  tips  of  the  blades  are  also  differe 
some  being  pointed  (Fig.  47,  a-e)  and  others  blunt  (Fi, 
47, y,  and  48).  Many  knives  are  double-edged  or  lan< 
shaped  (Fig.  47,  e).  We  use  the  blunt-pointed  knife 
those  cases  in  which  we  wish  to  avoid  injury  to  the  i 
joining  tissues  by  the  point  of  the  knife.  The  leng 
and  breadth  of  the  blade  vary  with  the  kind  of  operati 
in  which  it  is  intended  to  be  used,  the  strongest,  longe 
and  broadest  knives  being  for  amputations,  disarticulations,  and  joi 
resections.     For  particular  operations  there  are  especially  design 


Fio.  48.— Blunt- 
pointed  bis- 
toury. 


Fig.  49. — Penholder  method  of  using  the 

knife. 


Fio.  50.— Fiddle-stick  method  of  hold- 
ing the  knife. 


knives.  The  handle  of  the  knife  is  of  w^ood,  horn,  ivory,  steel,  gla 
etc.,  and  the  end  is  usually  made  like  a  chisel,  to  facilitate  tearii 
through  the  tissues  when  necessary.  A  nickel-plated  metal  handle 
best  adapted  for  the  necessary  sterilisation  of  the 
knife  by  boiling  in  a  one-per-cent.  soda  solution. 

The  usual  ways  of  holding  the  knife  are  illus- 
trated in  Figs.  49-54,  but  I  do  not  lay  down  strict 
rules  when  to  use  this  or  that  method.  Is  o  regu- 
lar rules  are  needed  by  any  one  having  a  natural 


Fio.  51. — Methoci  of  holdinjr  a  large  knife 
(resection  knife). 


Fio.  52. — Method  of  ho 
ing  the  knife  wlien  1 
tissues  are  divided  fr 
within  outwards. 


aptitude  for  operating,  or  by  any  one  who  is  familiar  witli  disseetic 
Large  knives,  like  those  used  for  resection,  are  held  as  pictured 
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fio.  S3.— Uetbod  of 


-MclLod  of  holdini 


Fig.  51.     The  ampiitJitiDii  hnife  is  graapeil  in  tlie  closed  fist,  as  iu  Fi^  J 
53.     On  tlie  other  hand,  the  lancet  is  held  as  indicated  in  Fig.  54. 

The  skin  is  neuallj-  divided  as  followe :  After  mak-j 
inf^  the  akin  tense  Uy  tlie  thumb,  index,  and  miildltf^ 
fingers,  the  incision  is  Ijegun  hy  the  scalpel,  held  i 
the  right  hand,  as  eliown  in  Figs.  49,  £U,  or  51,  andl 
the  blade  is  drawn  between  the  above-named  fingers.! 
Or  a  fold  of  skin  is  lifted  up  at  right  angles  to  the"! 
direction  of  the  ] 
intended 
ion,  which  is  then 
nv,'i  carried  down 
i;|  througii  the  fold. 
fjl  If  it  is  desired  to 
make  a  long  in- 
cision    at     one 
stroke,  the  knife 
should  be  drawn  rapidly  along  without  applying  much  pressure. 

Wo  frequently  cut  from  within  outwards,  as  in  the  division  of  a 
fistulous  tract,  when  the  knife  is  held  as  in  Fig.  5.t.  For  this  purpose 
irrooved  probes  or  directors  are  commonly  used  (Fig.  55),  In  manj 
operations,  as  we  shall  see,  this 
rector  is  indispensable,  and  it  is 
eepeaally  valuable  for  the  begin- 
ner. In  such  cases  the  director  is 
poshed  under  the  particular  layer 
of  tissue,  or  into  the  fistulous 
opening,  and  the  point  of  the 
knifo,  cuttin)(  edge  upwards, 
pushed  along  in  the  groove,  thus 
di^-idirig  the  tiseuea.  The  cutting 
can  be  done  from  in  front  l>ack- 
watds.  or  eire  ivr^a,  according  to 
the  case  in  hand.  In  conclusion, 
mention  should  be  made  here  of 
the  ear,  myrtle-leaf,  and  muuded 
rnd  probes  (Fig,  5ii,  a,  i,  <•).  These 
probes  are  generally  used  fordiag-  ?,„.  ss  Fio.  so,         Fta.  st. 

noatip  pur|)OBe6,  such  as  exploring  d!rt''tira,  '^'  *  onoiomn. 

fistulous  tracts  in  soft  parts  and 
bonefi,  in  the  search  for  foreign  bodies,  sncli  as  sequestra,  etc.     Probes 

iT" 


I 


A 
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every  probe  should  be  disinfected  as  carefully  as  possible.     There  will 
be  opportunity  enough  for  warning  against  too  much  probing  of  tis- 


a  h 

Fio.  58. — Toothed  forceps. 


Fio.  69. — Dressing 
foreepn. 


Fio.  60.— Luer's  foreem 
with  a  clasp  on  the  handles^ 


sues,  but  it  is  worth  while  to  give  a  general  caution  on  this  subject 
now.  In  searching  for  foreign  bodies  the  magnetic  needle  has  been 
frequently  used  with  success  (Kocher,  Kalin,  Lauenstein,  Graser,  and 

others). 

Mention  should  be  made  of  the 
subcutaneous  incisions  which  are 
employed  for  such  cases  as  the  di- 
vision of  contracted  tendons,  club- 
foot, etc.  The  so-called  "  tenotomy 
knife  "  is  used  for  this  purpose  ;  it 
18  a  small,  sharp-pointed  knife  with 
a  curved  blade  and  a  stout  handle 
(Fig.  57).  With  this  knife  the  skin 
is  punctured,  and  the  tendon  is  di- 
vided beneath  the  skin  without  cut- 
ting through  the  latter. 

For  holding  and  retracting  the 
tissues  after  division  of  the  integu- 
ment we  use  particular  instruments^ 
especially  the  surgical  thumb  for- 
\,        ,       T    ,  .      ^         . ,       ^'^P*^?  clamps,  and  hooks.     Surgical 

Fig.  61.— Muzciixs  toothed  lorc'cps:  a,  witli-        \         ^     r  i.t        i»  i 

out;  A,  with  a  clasp  cm  tJic  handles.  tliumb  lorceps  dilfcr  from  the  ana- 
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tomical  kind  in  having  two  to  four  small  teeth  at  the  end  of  the  blade, 
to  enable  them  to  get  a  better  hold  on  the  tissues.     Hooked  thumb 
forceps  (Fig.  58, 6),  fitted  with  rather  long,  curved  hooks,  are  excellent 
for  certain  purposes,  such  as  seizing  small  cutaneous  tumours.     The 
Jai^r  hooked  thumb  forceps  of  this  kind  can  be  closed  and  locked 
bv  a  spring  (Fig.  60).      There  are  numerous  other  kinds  of  forceps 
for  grasping  the  tissues,  sharp  and  blunt,  and  of  various  shapes  for  the 
particular  kind  of  operation  in  which  they  are  intended  to  be  used. 
Among  the  blunt-bladed  variety  are  the  sequestrum  or  dressing  for- 
ceps (Fig.  59),  straight  and  bent,  and  Luer's  forceps,  which  have  on 
the  handles  a  self -locking  ratchet  to  keep  them  closed.     Another  kind 


a  be  d  6 

Fio.  62. — RetractoFH  (nharp  and  blunt). 

is  the  well-known  forceps  of  Muzeux,  which  are  straight  or  bent,  and 
are  provided  with  hooks  (Fig.  61,  a,  J).  These  hooked  forceps  have 
f ronn  two  to  eight  or  more  curved,  sharp  hooks  on  the  end  of  the  blades. 

For  making  counter  openings  quickly  and  without  loss  of  blood,  Wolfler 
uses  a  cutting  sequestrum  forceps,  which  is  made  with  one  blade  prolonged 
into  a  lance-shaped  point,  so  that  it  can  either  be  protruded  beyond  the  other 
blade  of  the  forceps  (unsheathed  perforating  forceps),  or  by  withdrawing 
the  sharpened  blade  the  latter  is  easily  covered  (producing  the  sheathed  per- 
forating forceps).  The  sheathed  forceps  is  suited  for  those  cases  in  which, 
to  make  a  counter  opening,  a  considerable  mass  of  soft  parts  must  be  trav- 
ersed, as  in  compound  fracture,  extensive  phlegmonous  processes,  for  mak- 
ing counter  openings  at  the  bottom  of  the  true  pelvis,  etc. 

After  making  the  skin  incision  the  margins  of  the  wound  are  held 
apart  by  blunt  or  sharp  hooks,  to  enable  the  operator  to  obtain  a  better 
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view  of  the  deeper-lying  parts  or  to  divide  tliem.     Retractors  (Figs. 
62  and  63)  are  either  simple  blunt  hooks,  like  an  anearisni  needle  nsed 
in  tying  a  vessel,  or  an  ordinary  sharp  hook  with  one  or  more  tines, 
or  a  blunt  hook  bent  at  a  right  angle.     In  case  of  emergency  a  re- 
tractor can  be  made  out  of  pliable  wire  (Fig.  64).     Self-retaining  re- 
tractors are  also  in  use. 

The  scissors  commonly  used  are  straight  or  curved  on  the  flat,  or 
thej  have  an  angular  bend.     The  various  kinds  of  scissors  designed 

for  particular  operations 
are  described  in  Regional 
Surgery.    The  scissors  are 
held  for  operating  in  the 
way  we  have  learned  to 
handle  them  in  anatom- 
ical practice.    I  frequent- 
ly give  the  preference  to 
scissors,  especially  in  the 
removal  of    tumours,  as 
they  facilitate  rapidity  in 
operating. 


-Large  blunt  retractors,  chiefly  for 
abdominal  operations. 


b 


Fio.  64. — Improvised 
retractor  made  of 
pliable  wire. 


Puncture  of  the  soft  parts  can  be  done  with  a  pointed  knife,  or 
a  trocar  or  hollow  needle,  for  the  evacuation  of  fluid — e.  g.,  from  the 
pleural  or  peritoneal  cavities,  or  from  the  scrotum  ;  or  for  diagnostic 
purposes,  to  determine  the  nature  of  the  contents  of  a  cavity,  or  the 
nature  or  a  tumour ;  or,  finally,  to  introduce  fluid  medication  into  the 
tissues  or  general  system. 

A  trocar  (Fig.  65)  consists  of  two  parts,  a  stylet  or  trocar  with  a  handle, 
and  a  tube  or  cannula  enclosing  the  stylet.  The  cannula  is  provided  with  a 
metal  shield  at  its  posterior  extremity.  Trocars  are  straight  or  curved,  the 
latter,  for  instance,  l>eing  used  for  puncture  of  the  bladder  above  the  svm- 
physis  pubis  in  case  of  i*etention  of  urine.  The  calibre  of  the  trocar  varies 
with  the  uses  to  which  it  is  intended  to  be  put,  the  smaller  sizes  having  the 
advantage  that  they  cause  only  a  small  puncture,  and  the  disadvantage  that 
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tkjbke  a  long  time  to  evacuate  the  fluid;  and  if  tlie  cavity  contains  a 
tliici  fluid,  perhaps  mixed  with  flakes  of  fibrin,  the  liquid  may  finally  cease 
flowing  from  obstruction  in  the  cannula.    The  method  of  holding 
the  trocar  for  making  a  puncture  is  illustrated  in  Fig.  66.     After  it 
has  been  introduced  far  enough,  the  shield  of  the  cannula  is  grasped 
by  the  left  hand,  the  stylet  or  trocar  is  withdrawn,  and  the  fluid 
then  escapes  through  the  cannula,  which  is  left  in  place.    Before 
using,  the  trocar  and  cannula  must  always  be  boiled  for  Ave  to  ten 
minutes  in  a  one-peiM:ent  soda  solution.    lu  former  times,  before 
these  precautions  were  taken,  and 
when  neither  the  skin  ai-ea  in  ques- 
tion nor  the  instrument  was  disin- 
fected, this  trifling  operatioi 
sometimes  accompanied   by  infec- 
tion of  the  albuminous  contents  of 
the  cavity,  with  ensuing  septic  in- 
iiww.    flammatioD.     To   prevent  the  en- 
trance of  air — for  instance  into  the 
pleural  cavity.  Fergusson,  Fraentzel,  and  others  have  fitted  the  trocar  with  a 
certain  contrivance  which  will  be  described  in  the  text-book  on  Begional 
Su^^y  (Puncture  of  the  Pleura). 

For  diagnostic  purposes,  the  exploratorj-  puncture  is  made  with  a 
very  fine  trocar,  or,  better  still,  with  an  aspirating  iieedle  (Fig.  69)  hav- 
ing a  tight-fitting  piston  and  joints.  After  inserting  the  hollow  needle 
of  the  sjringe,  the  graduated  piston-rod  is  slowly  withdrawn,  thus  caus- 
ing the  fluid  contents  of  a  cavity  to  flow  into  the  barrel  of  the  syringe. 
For  aspiration  of  the  contents  of  a  cavity,  Dieu- 

I&foy,  Potaiu,  and  others  have   made   a  suitable 

apparatus  and  have  introduced  it  into  general  use. 

Syringes  have  also  been  constructed  on  the  plan  of 

Weiss's  stomach  pump  for  siphoning  oS  or  pump- 
ing out  fluid  from  some  part  of  the  body.     An 

aspirating  apparatus  similar  to  Potain's  (Fig.  68)  or 

Alexander's  (ee^  next  page)  can  be  easily  made  from 

a  bottle  with  a  mbber  cork  and  two  glass  tubes. 

Dienlafijy'l  Aqtirator  (Fig.  67)  consists  of  a  cylinder 
with  a  capacity  of  forty'Sve  to  fifty  grammes,  fitted 
with  a  graduated  piston-rod  which  is  notched  at  A,  and, 
aft«r  being  withdrawn,  can  be  held  fast  at  B.  At  C  and 
D  are  two  stop-cocks,  which  can  be  opened  or  closed, 
and  the  hollow  needle  is  connected  with  the  syringe  by 
a  rubber  tube.  Before  puncturing  with  the  needle  it  is 
best  to  withdraw  the  piston  and  form  a  vacuum  in  the 

barrel  of  the  syringe,  so  that  during  the  operation  there  can  be  no  disturbing 
of  the  needle  with  tearing  of  the  tissues.  Both  stop-cocks  C  and  D  are 
clcMed ;  the  piston  b  withdrawn  and  retained  at  B  by  turning  it  slightly  from 
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left  to  right  The  cavity  of  the  cylinder  is  now  relatively  a  vacuum.  Tb« 
upper  end  of  the  rubber  tube  is  then  fitted  on  the  stop-cock  at  the  end  of  Um 
cylinder,  while  the  hollow  needle  attached  to  the  other  end  of  the  tube  it 
plunged  into  the  cavity  in  the  body  which  it  is  desired  to  empty.  The  gtq^ 
cock  C  is  opened  and  the  liquid  flows  into  the 
cylinder.  To  empty  the  cylinder  of  the  liquid, 
.the  cock  C  is  cloaed  and  D  is  opened,  and  by 
pushing  down  the  piston  the  liquid  flows  out 
of  D.  If  necessary,  this  can  be  repeated  one 
or  more  times.  Aspiration  can  also  be  prao- 
tised  by  thrusting  the  needle  into  the  timin 
first,  and  then,  after  closing  the  cock  ZJ,  open- 
ing C,  and  by  withdrawing  the  piston  the  fluid 
is  allowed  to  flow  into  the  syringe. 

Fotain'i  Aijarstw  (Fig.  68)  consists  of  a 
graduated  glass  iiask  F,  which  is  closed  bj  a 
-ubber  stopper,  and  has  a  capacity  of  five  bun- 
j  dred  granunes.  The  rubber  stopper  is  pierced 
by  a  metal  tube  divided  into  two  comptit- 
ments,  one  communicating  with  A,  the  other 
with  B.  One  rubber  tube  E  goes  to  the  pomp 
G  \  the  other,  which  is  fitted  with  a  glass  tube 
C  to  enable  the  liquid  to  be  seen  as  it  passes,  is  fastened  to  the  lateral  por- 
tion of  the  cannula  of  a  trocar.  The  cannula  is  fitted  with  a  stop-cocfc  d. 
This  apparatus  ia  used  in  the  following  way :  The  cock  B  is  closed,  A  '» 
opened,  and  a  vacuum  ia  made  in  the  flask  by  means  of  the  pump  G ;  then  A 
'  is  closed,  and  the  puncture  is  made  with  the  trocar.  The  stylet  H  is  then 
pulled  out,  and  the  cannula  is  closed  by  the  cock  D,  while  B  is  opened,  thu 
allowing  the  liquid  to  fiow  out  through  the  cannula,  glass  and  rubber  tubes 
into  the  glass  vessel.  During  the  aspiration  the  suction  can  be  increased  bf 
opening  the  cock  A  and  working  the  pump  G.  Alexander's  apparatua  ii 
similar  to  Potain's.  Id  place  of  the  pump  O  there  is  a  pear^baped  rubbtf 
bulb  which  acta  as  a  suction  or  pressure  pump,  depending  upon 
whether  it  is  attached  to  the  rubber  tube.  The  new  aspirator 
invented  by  Debove,  in  which  all  stop-cocks  are  done  away  with, 
is  a  most  excellent  instrument.  By  a  quarter  turn  of  the  handle 
the  lateral  openings  of  the  cannula  and  trocar  can  be  made  to 
correspond,  and  thus  allow  the  fluid  to  escape.  The  apparatus 
can  be  easily  cleaned  (lUustr,  Monatssch.  der  iirzt.  Polytech., 
June,  1B89;  this  also  contains  a  description  of  the  automatic 
aspirator  of  Ruault). 

Finally,  we  often  puncture  the  tissues  with  s  hypo- 
dermic needle  or  a  similar  iDstruinent  to  introdnce  mor- 
phine, cocaine,  ether,  camphor,  mercury,  etc.,  into  the 
iieiglibouring  tiBBucB  or  the  general  system.  The  hypoder- 
mic syringe  uBually  containB  one  gramine,  and  the  piston- 
rod  is  suitably  marked  off  to  permit  an  accurate  measurement  of  th 
amount  of  medicament  administered.     After  tilling  the  barrel  of  th 
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STriofce  vitli  the  fluid  to  be  used,  the  hollow  needle,  having  heen  t^are- 
fnllv  disinfected,  is  put  in  place,  and  the  air  is  driven  out  of  the  syringe 
bj  holding  the  point  upwards  and  gentlj  pushing  on  the  piston.  To 
make  the  injection,  a  fold  of  skin  is  pinched  up,  the  needle  is  plunged 
into  the  subcutaneous  tissue,  the  syringe  is  emptied,  the  fold  of  ekin  is 
KJeased,  the  needle  is  withdrawn,  the  tip  of  the  left  index  finger  is 
plieed  upon  the  point  of  puncture,  and  the  injected  fluid  is  evenly 
di^bnted  by  gently  rubbing  the  area  with  the  index  and  middle 
fiogere. 

For  making  parenchymatous  injections  (that  is,  injections  of  medi- 
ated fluids  into  organs — e.  g.,  muscles,  glande,  joints,  etc.)  it  is  cus- 
loDiary  to  introduce  the  fluid  at  more  than  one  ^ 

point,  particularly  if  large  amounts  of  a  medica-  w 

DKnt  are  to  be  administered. 

The  Can  of  s  Hypodeimio  Heedle.— To  keep  a 
tijpodermic  needle  iu  a  serviceable  state,  it  should 
I  be  va^heU  out  with  water  after  vtaa,  and  the  traces 
rf  fluid  Hhould  be  blown  out  of  the  needle^ — or,  bet- 
icr.dned  out  by  lieating  the  needle  in  a  spirit  lamp. 
Thi»  prevents  the  needle  from  rusting,  keeps  it  from 
iworaing  stopped  up.  and  makes  it  unnecessary  to 
iniroduce  a  silver  wire  for  rendering  the  needle  per- 
<ioa&  To  prevent  the  piston  from  drying  and  to 
h*p  it  liglit,  it  is  worth  while  to  introduce  a  drop 
of  <ril  occasionally  between  the  leather  washers. 

The  small  punctured  wound  made  by  the 
trocar  or  hollow  needle  can  be  covered  with 
iodoform -collodion  (one  part  iodoform,  ten  parts 
collodion),  or  with  a  bismuth  and  bichloride-of- 
aerenry  solution  ;  only  exceptionally  would  an 
intiiieptic  dressing  be  necessary. 

Chronically  inflamed  tissues,  and  more  par- 
;   licoUrlv  those  which  have  undergone  caseous 

I  -  .  no.  t\l, —  ^  oiHniflnn  spoonu, 

I   <legeDeration,   are   removed    by   scooping   and        obuJ  t;  .■,o|«iii«riiiHr. 

icraping  them  out  with  sharp  spoons  (Fig.  70]. 
'    Tbe  operation  is  called  "  scraping  out  "  (sinuses,  fistula;,  etf.).     Sharp 
Bpwns  are  straight  or  slightly  bent,  and  of  different  sizes.     The  open 
raspatory  (Fig.  70,  c\  unlike  the  sharp  spoon,  has  two  sharp  e<lgefi. 

g  25*  Bloodlew  Diviiion  of  the  TiwuM  by  Tearing,  Twisting,  etc.— 
['nder  this  heading  comes,  in  the  first  place,  the  division  i>f  the  tissues, 
especiallv  the  loose  connective  tissue,  by  means  of  the  tijis  of  the 
fingers,  the  handle  of  the  scalpel  or  the  director,  thumb  forceps,  clamps, 
etc^;  then  the  tearing  out,  or  twisting  off,  or  6<iueezing  off  of  smnll 
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tumoars — for  instance,  from  the  larynx  or  the  nose — by  the  use  of 
cial  forceps.  In  all  such  cases  the  bleeding  is  so  slight  that  the  oj 
tion  can  in  fact  be  called  more  or  less  bloodless.  All  large  wo 
produced  by  blunt  instruments  bleed  but  little,  because  the  vessel 
twisted  and  squeezed  together  in  the  process. 

The  DiTifkm  of  the  Times  by  the  Idgatnre,  or  Strangnlatioiit  is  an 

quitted  method  of  operating ;  it  is  too  slow,  it  is  painful,  and  not  infrequt 
gives  origin  to  inflammatory  and  even  dangerous  suppurative  proo 
The  technique  of  its  use  is  briefly  as  follows :  Tlie  particular  part  in 
tion — for  example,  a  pedunculated  tumour,  a  hasmorrhoidal  protrusion 
— is  tightly  encircled  about  its  base  by  a  strong  silk  ligature  or  elastic  i 
less  frequently  by  a  strand  of  silver  wire,  and  thus  gradually  death  o 
part  takes  place.  The  elastic  ligature  is  best  secured  by  passing  its 
kept  at  a  proper  tension,  through  a  lead  ring,  the  sides  of  which  are 

pinched  together  by  a  pair  of  nippers.  The  silver 
ligature  is  applied,  and  then  retained  by  twistini 
ends  around  each  other. 

Boraiement. — Ecrasement  lirUaire^  as  it  is  call< 
Chassaignac,  who  devised  and  intro- 
duced it,  is  also  a  form  of  division 
of  tissues  by  ligature.  The  tissues 
are  divided,  or  rather  compressed, 
and  thus  necrosis  takes  place  at  the 
line  of  pressure  (Fig.  71).  The  chain 
of  Chassaignac's  6craseur  is  like  a 
chain-saw  without  teeth,  and  is  made 
to  encompass  the  portion  of  tissue  to 
be  removed,  or  is  passed  through  a 
fistulous  tract  by  a  probe,  or  is  car- 
ried through  the  parenchyma  of  an 
organ  by  a  needle,  and  so  around 
part  of  the  organ,  as  in  grasping  a 
portion  of  the  tongue.  In  the  two 
latter  instances  the  chain  of  the  ecra- 
seur  is  first  applied  and  tlicn  laid  in 
the  shank  of  tlie  instrument.  By 
means  of  the  thumb-screw  at  the 
handle  end  of  the  instrument  the 
cliain  ligature  can  be  shortened — 
that  is,  the  portion  of  the  tissue  in  the 
grasp  of  the  chain  is  gradually  cut 
through  by  pressure  necrosis.  Simi- 
lar instruments  have  been  brougrht 
forward  by  Luer  and  Charriere.  Tlie 
wire  ecraseur  of  Maisonneuve  is  fitted 
with  a  wire  instead  of  a  chain  :  by  turninpf  the  tlmmb-screw  at  the  h 
of  the  instrument,  the  loop  of  the  wire  lifjfature  is  made  smaller.  Chassa 
and  Maisonneuve  have  tried  in  vain  to  introduce  ecrasement  more  \> 


Fio.  71. — Cliain  ecruseur 
(Chassaignuc-Mathieu ). 


Fio.  72.— Wir 
seur  (Maii«oni 
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into  operative  surgery,  urging  as  advantages  of  their  method  the  absence  of 
haemorrhage,  and  particularly  the  diminished  chances  of  the  absorption  of 
septic  matter,  as  the  lymphatics  and  connective- tissue  spaces  are  more  or  less 
closed  by  pressure.  But  these  statements  are  exaggerated,  since,  in  the  first 
place,  there  is  no  certainty  that  the  ecraseur,  as  it  cuts  its  way  through,  will 
not  cause  haemorrhage,  especially  from  medium-sized  arteries.  Quite  re- 
cently Doyen  has  modified  ecrasemeut  by  his  "  angiotripsy."  This  consists 
in  crushing  or  dividing  tissues  in  different  operations,  such  as  those  on  the 
stomach,  intestine,  uterus,  etc.,  with  special  forceps.  Any  vessels  are,  if 
necessary,  ligated.  Tuffier  went  a  step  further.  He  closes  the  vessels  by 
compression  with  a  specially  constructed  forceps  without  ligating  the  vessel 
;  before  or  afterwards.  He  reported  twenty-three  cases  of  vaginal  hysterec- 
l  tomy  which  he  performed  with  his  angiotribe  without  ligatures  and  artery 
clamps. 

French  gynaecologists  have  recently  recommended  the  use  of  long  clamps 
in  place  of  ligatures  in  performing  vaginal  hysterectomy.  The  clamps  re- 
main in  position  from  two  to  four  days.  If  they  are  removed  too  soon,  seri- 
ous secondary  haemorrhage  may  take  place.  This  method  is  to  be  recom- 
mended in  suitable  cases  on  account  of  its  simplicity. 

The  Cautery — the  Paquelin  Thermo-cautery. — The  division  of  the 
feues  by  the  cautery  (red-hot  iron)  is  a  very  ancient  method,  and  in 
the  middle  ages  was  used  especially  by  the  Arabian  physicians.     The 


Fio.  78. — Paquelin's  thermo-cautery. 


ordinary  cautery  is  made  of  different-shaped  iron  or  brass  rods  with  a 
wooden  handle,  and  was  formerly  heated  red-hot  among  glowing  coals ; 
but  now  it  is  usually  heated  in  the  flame  of  a  Bunsen  burner  or  a 
gpirit  lamp. 

The  old-fashioned  cautery  is  at  present  entirely  8upi)lanted  by 
Paqnelin'8  thermo-cautery  (Fig.  73).  Erery  physician  should  possess 
one  of  these  instruments.     The  apparatus  works  on  the  principle  that 


80 


THE  DIFFERENT  WAYS  OF  DIVIDING  THE  TISSUES. 


platinum,  after  being  Bofficientl;  heated  in  the  flame  of  a  spirit  lamp 
will  be  made  red-hot  by  the  ignition,  in  the  already  hot  platinnm,  of  i 
mixture  of  air  and  vapour  of  petroleum  ether  (hydrocarbon  componnds) 
In  thb  proeesB  the  petroleum  ether  is  decomposed  into  water  and  car 
bonic  acid,  thus  giving  rise  to  so  much  heat  that  the  platinum  become 
red-hot.  Faqnelin's  apparatus  (Fig.  73)  consists  of  a  glass  bottle  hal 
filled  with  petroleum  ether  {J^).  I  use  a  mixture  of  two  parts  of  ben 
zine  and  one  part  of  petroleum.  The  impure  benzine  is  better  thai 
that  which  is  chemically  pare.  By  squeezing  the  rubber  bag  £,  th 
vapour  of  petroleum  etlier  is  driven  out  of  the  bottl 
through  the  rubber  tube  and  through  the  hollos 
interior  of  the  instrument  into  the  hollow  epae< 
inside  the  platinnm  tip.  The  thermo-cauterj  i 
managed  very  simply :  The  point  of  the  instminem 
is  heated  in  the  flame  of  a  spirit  lamp  for  a  coupL 
of  minutes,  or  long  enough  to  reach  a  red  heat,  tax* 
then,  by  squeezing  the  rubber  bag,  the  benane 
petroleum  vapour  is  driven  out  of  the  bottle  int< 
the  platinum  of  the  instrument,  where  it  become 
ignited.  In  this  way  a  very  excellent  cautery  i 
prepared,  capable  of  very  powerful  action.  Th. 
most  useful  tips  are  those  with  bulbous  and  knifs 
sliaped  extremities,  like  the  so-called  fletula  cauter)? 
tip  illustrated  in  Fig.  73.  Platinum  ecissors  th 
blades  of  which  can  be  made  red-hot  are  not  usefo.J 
and  can  always  be  dispensed  with.  The  Faqiielii 
til ermo- cautery  is  in  many  respects  better  than  tl»' 
galvano-cautery,  which  will  next  be  described;  In* 
the  latter  has  the  great  advantage  that  it  can  beio 
troduced  cold — for  example,  into  the  na«al,  oral,o 
pharyngeal  cavity— and  at  any  moment,  by  closinj 
or  opening  the  circuit,  it  can  l}e  brought  to  a  re* 
lieat.  The  advantage  of  the  Paquelin  lie^  in  its  8iii» 
plicity  and  cheapness.  Paquelin  has  recently  per 
fected  his  cautery  so  that  it  can  be  put  to  various  uses,  and  cau  b* 
employed  in  mineralogy,  chemistry,  bacteriology,  etc. 

As  a  suljstitute  for  the  Paquelin  cautery  Dechcry  has  recommended  the 
a[)hj-si>-therinocautery  ('"  aphyso-cautere "),  w)iich  after  previous  warming 
with  ether  cuiiies  to  a  red  heat  of  itself. 

Qalinno-cantery, — The  galvano-cautery  was  brought  into  genera 
use  by  Middeldor|)f.  The  most  important  im^trument  is  the  galvano 
cautery  made  of  a  ptatinuui  wire  loop  (Fig.  "4),  which  is  tightened  b" 
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tDining  the  ivory  thnmb-screw  C.    At  A  A  the  instrument  is  connected 
vitb  s  battery  by  two  conducting  wires,  and  by  cloeing  the  circuit  the 


»ire  is  brought  to  a  red  heat.     By  pusbinp  the  key  B  forwards  or 

tockwards,  the  current  is  made  and  broken.     Instead  of  the  expensive, 

frail,  and  so  easily  broken  platinum  wire, 

•■^^^  Voltolini    has    recommended   the   cheaper 

^, ^^  steel  wire  (piano  wire)  for  use  in  the  gal- 

^^^        \  vano-cautery,  and  this  answers  every  pur- 

*         ■         pose  perfectly. 

For  managing  the  galvano-cautery  loop 
with  one  hand,  a  special  handle  has  been 
devised ;  one  of  the  best  is  that  uf  Bruns, 
which  has  been  recently  improved  by  Boker 
(Fig.  75).  There  are  three  rings  on  this 
handle,  for  the  thumb,  index,  and  middle 
fingers  respectively,  the  fourth  finger  being 
held  in  the  key  which  breaks  and  closes 
the  circuit.  The  ring  for  the  index  finger 
IB  fastened  to  the  movable  cross- 
piece  to  which  the  wire  making 
the  loop  is  attaclied.  By  flexing 
,  the  index  finger,  the  correspond- 
ing ring,  and  with  it  the  cross-bar 
and  attached  wire  loop,  are  drawn 
towards  the  thumb,  thus  narrow- 
ing the  loop.  L  L'  represent  the 
two  wires  connecting  the  instru- 
ment with  the  battery.  Fio.  77. 
The  other  kinds  of  galvano-  b^«'' 
cauteries  are  variously  sliaped  ;  be- 
adee  the  pointed  and  straight  platinum  points,  or  those  which  are  more 
or  less  curved,  there  are  the  epatula-sbaped,  knobbed,  conical,  or  Bpiral- 
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Bbaped  cauteries.  Bj  pressing  the  button  B  on  the  handle  (Fig.  76) 
the  circuit  is  closed,  AXAA  are  attached  the  wires  conuoeted  with 
the  galvanic  bnttery.  The  so-called  porcelaiu  cautery  (Fig.  77)  con- 
sists of  a  conical -shaped  piece  of  porcelain  with  a  spiral  of  platinum 
wire.  As  to  the  battery  for  working  the  galvano-cautery,  I  use  ex- 
clusively tlie  zinc-carboii-chromic-acid  battery  of  Voltolini  (Fig,  78). 
"We  sliall  learn  in  Regional  Surgery  the  particular  cases  for  which  the 
galvano-cautery  is  suitable.  It  should  only  be  mentioned  in  passing 
that  even  major  operations — amputations,  for  example — have  been  per- 
formed by  tlie  galvano-cautery  loop  under  exceptional  conditions;  for 
instance,  to  prevent  toss  of  blood  when  a  very  high  grade  of  anaemia 
is  already  present.  Before  the  days  of  antisepsis,  Hagedoru,  by  means 
of  his  6craseur  loop,  amputated  a  leg  and  a  thigh  without  primary  or 
secondary  haemorrhage,  and  without  applying  any  ligatnres.  Bruns 
has  also  repeatedly  used  the  galvano-cautery  method  to  perform  ampu- 
tations. At  present  the  galvano-cautery  is  no  longer  used  for  amputa- 
tions, as  they  can  be  performed  by  the  knife  with  the  help  of  Esmarch'a 
artificial  ansemia  without  loss  of  blood,  and  at  the  same  time  the  wound 
can  be  made  to  heal  by  primary  union  in  a 
very  short  time — a  thing  which  is  impossi- 
ble in  the  wound  made  by  the  galvano- 
cautery,  as  is  always  the  case  in  a  wound 
which  is  the  result  of  a  hum. 

Battery  of  Toltolini— Voltolini's  sine-car- 
bon -chromic-acid  battery  (Fig.  78)  contains 
twenty-one  zine-carbon  elements.  The  latter 
were  originally  combined  in  the  so-called 
"chain ''^-all  the  carbon  elements  connected 
^vith  each  other  on  one  side  and  all  the  zinc  on 
the  other.  As  this  plan  gave  but  little  heatinif 
power,  Voltolini  improved  the  battery  by  add- 
ing a  contrivance  (A)  for  combining  at  will 
four  pairs  of  elements,  and  thus  succeeded  in 
heating  tlie  porcelain  cautery-tip  red-hot.  The 
fluid  usejl  in  the  battery  consists  of  one  part 
of  bichromate  of  potassium,  one  part  of  con- 
centrated (not  fuming)  sulphuric  acid,  and  ten 
parts  of  water. 

To  fill  the  battery,  the  cover  i.f  the  box  is  lifted  off  with  the  attached 
elements  by  seizing  the  handles  (B  B.  Fig.  7fi),  and  the  glass  vessel  contained 
in  the  box  is  half  filled  with  the  a lK)ve- described  fluid.  The  element')  are 
then  n-placed  in  the  liox  and  the  coniicrting  wires  allAche<l  to  the  battery 
and  the  galvaiiivcautery  instrument.  After  the  cover  {D)  of  the  battery  has 
been  put  Imok  in  its  iiorizoiitiil  ]»iisitioii,  the  fluid  contained  in  the  ^lass 
vessel  inside  the  Ikix  sin-niunds  the  clenients  and  the  battery  is  ready  for  use. 
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If  the  cover  is  only  half  shut,  or  remains  open,  as  in  Fig.  78,  the  glass  vessel 
is  displaced  to  the  bottom  of  the  box,  the  fluid  does  not  touch  the  elements, 
and  the  battery  cannot  be  used.  The  cover  is  retained  at  any  desired  angle 
by  means  of  a  rod  fastened  to  it  on  the  outer  side  of  the  box.  After  using 
the  battery  the  elements  are  taken  out  of  the  box,  carefully  washed  otf  with 
water,  and  dried.  The  zinc  plates  must  occasionally  receive  a  fresh  amalgam 
of  quicksilver ;  they  are  taken  out  of  the  battery,  dipped  in  dilute  sulphuric 
acid  (1  to  7  or  10),  and  then  treated  with  pure  mercury.  To  bring  the  mer- 
cury more  thoroughly  into  contact  with  the  zinc,  it  is  rubbed  into  the  plates 
of  the  latter  with  a  toothbrush  or  coarse  paper. 

Battery  of  Bnm& — The  zinc-carbon-chromic-acid  battery  of  Bruns  is  an 
excellent  apparatus. 

Seiler'i  Battery. — Seiler  has  also  introduced  a  new  form  of  battery  for  the 
galvano-cautery.  It  consists  of  zinc-carbon  elements  in  a  fluid  made  of  a 
mixture  of  sulphuric  acid  and  bichromate  of  potassium ;  the  elements  are 
immersed  in  the  fluid  by  turning  a  crank  connected  with  a  pedal.  The 
oi>erator  keeps  his  foot  upon  this  during  the  operation,  and,  by  exerting 
more  or  less  pressure  with  his  foot,  can  regulate  the  strength  of  the  current 
To  protect  the  surrounding  parts  from  injury  while  the  cautery  is  heated, 
Seiler  has  sheathed  the  part  of  his  cautery  instrument  not  intended  to  be- 
come red-hot,  and  the  connecting  wires  in  vulcanised  rubber. 

The  present  rapid  advance  in  electricity  enables  us  to  make  direct 
nse  of  the  electric  current  without  using  a  battery  ;  surgery  will  soon 
make  use  of  this  modem  acquisition  also,  and  thus  electrolysis  will  liave 
a  new  field  opened  up  for  itself.  We  make  nse  of  electric  light  in 
many  different  ways  in  the  performance  of  operations  and  for  diag- 
nostic purposes.  Special  illuminating  apparatus  have  been  devised 
for  different  parts  of  the  body,  such  as  the  bladder,  etc.  For  a  de- 
scription of  the  Roentgen  rays,  see  §  124. 

All  wound  surfaces  made  by  the  cautery  bleed  but  little  or  not  at 
all,  and  are  thus  in  a  manner  protected  from  infection,  as  the  micro- 
or^nisms  present  at  the  time  are  destroyed,  and  the  resulting  dry 
eschar  is  an  unfavourable  soil  for  the  lodgment  of  new  ones.  More- 
over, wounds  made  by  burning  granulate  vigorously,  heal  quickly, 
and  form  a  cicatrix  which  has  a  marked  tendency  to  contract.  Sup- 
puration does  not  always  occur,  and  often  enough  wounds  of  this  kind 
heal  beneath  the  eschar  with  no  dressing  and  without  noticeable  sup- 
puration. 

Electro-puncture  (Electrolysis). — The  so-called  gal vano- puncture  or 
electro-puncture  (electfolysis)  is  but  little  used  at  present.  It  consists 
in  inserting  platinum  or  gold  needles,  which  are  connected  with  the 
fK:»le8  of  a  strong  battery,  directly  into  the  tissue  but  not  too  far  apart. 
The  changes  thus  induced  in  the  tissues  are  limited  to  the  immediate 
neighl>ourhood  of  the  needles.     In  other  cases  only  a  single  platinum 
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needle  connected  with  tlie  anode  or  o^t^iode  is  inserteil  into  tlie  tisane 
in  qnestion — for  instance,  into  a  taniour — and  a  metal  plate  connecte< 
with  the  other  pole  is  placed  upon  the  ekin.  The  negative  jwle  (thi 
cathode)  appears  to  have  a  more  powerful  action  than  the  positive  (tlii 
anode).  Recently  electrolysis  lias  come  into  more  frequent  nee  foi 
■  operative  purposes,  especially  in  the  case  of  tnmoors  which  are  difficult 
of  access,  like  naeo-pliaryngeal  tumours  and  lihromata,  of  the  utems. 
for  strictures  of  the  urethra,  etc.  In  gyniecology  the  electric«l  treat- 
ment of  women's  diseases  inaugurated  by  A|jostoli  lias  occasionallj 
produced  surj>riBiDg  results.  I  agree  with  Kuttner,  that  under  certain 
conditions  electrolysis  offers  ub  hopes  of  success,  by  l)eing  applicable 
to  deeply  seated  regions,  when  other  means  fail  entirely.  Newman 
has  obtained  excellent  results  in  strictnre  of  the  urethra.  Generally 
Bpeaking,  the  negative  pole  (cathode)  is  destructive  in  its  action,  while 
the  positive  pole  (anode)  acts  as  a  hsraostatic. 

Sleotro-punctore  in  Aneariani, — I  have  used  electro-puncture  iu  cases  of 
aortic  aneurism  willi  very  gix>tl  results.  It  acts  by  exciting  coagulation  of 
blood  in  the  aueurismal  sac,  wliich  becomes  diminished  in  aise,  and  its  walls 
are  distiuetly  tliickened.  I  use  Stohrer'a  zinc-carbon  battery,  and  reguJate 
the  cuireut  by  a  dynamometer  aiid  a  fluid  rheostat.  By  means  of  the  first 
the  strength  of  the  current  can  be  determined  each  time  it  is  used,  and  by 
means  of  the  Rheostat,  made  of  a  mixture  of  concentrated  sulphuric  acid  and 
oxide  of  zinc,  the  process  is  made  as  painless  aa  possible,  since  at  the  begin- 
ning one  can  allow  the  stream  to  increase  in  strength  very  gradually.  At 
tbe  close  of  the  sitting  the  curreut  is  made  to  gradually  decrease  in  strength 
by  means  of  the  rheostat.  A  sterilised  flue  steel  needle,  ten  centimetres  long, 
is  plunged  into  the  aneurism  with  every  antiseptic  precaution,  the  needle 
being  connected  with  the  anode,  as  the  latter  is  preferable  for  causing  coagu- 
lation of  the  blood,  while  Uie  other  pole  (the  cathode)  is  attacbed  to  a  metal 
plate  which  ia  placed  ou  the  skin  on  the  opposite  aide  of  the  thorax.  The 
length  of  the  sitting  should  be  five  to  ten  minutes,  and  the  strength  of  the 
cmrenl  twenty  to  thirty  milhamperes. 

The  DoBtriiDtioii  or  SiviBian  of  Tinne  by  ChemiosK—Causttca.— There 
are  solid,  soft,  and  fluid  caustics  which  are  used  in  the  form  of  a  paste,  pow- 
der, or  a  Huid.  At  present  caustics  are  used  much  less  often  than  formerly 
for  the  destruction  of  soft  jtarts.  Of  the  solid  caustics  the  most  important 
are  hydroxide  of  jjotassium  or  caustic  potash,  nitrate  of  silver,  and  sulphate 
of  copper  (bluestone). 

Caustic  Potaiih. — Caustic  potash  is  applied  in  the  form  of  a  stick  in  a 
holder,  thumb  forceps,  or  wi-apped  in  a  piece  of  cotton  for  a  handle.  The 
most  useful  holder  ia  an  instrument  made  like  a  pair  of  pincers,  having  hol- 
low jaws,  with  a  contrivance  for  closing  them  made  in  the  form  of  a  mov- 
able blunt  hook.  As  the  caustic  has  a  tendency  to  spread  and  "'  run  "  while 
being  used,  it  is  wise  to  carefully  protect  the  surrounding  parts.  An  old- 
fashioned  way  was  to  form  an  eschar  on  the  skin  by  applying  caustics 
between  two  pieces  of  sticking  plaster,  the  one  nest  tlie  akin  having  a  hole 
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cut  in  it  to  permit  the  caustic  to  act  upon  the  skin.  This  dressing  was  ap- 
plied to  any  particular  portion  of  the  skin  with  compresses  and  handages 
for  six  to  seven  hours,  until  the  eschar  formation  was  completed. 

Nitrate  of  Silver, — Silver  nitrate  comes  in  the  form  of  a  cylindrical  pen- 
cil, which  is  generally  provided  with  a  handle,  and  is  applied  to  hasten  the 
skinning  over  of  a  granulating  surface.  The  sticks  of  silver  nitrate  which, 
like  our  ordinary  lead  pencils,  are  enclosed  in  a  wooden  sheath,  are  most 
excellent  The  so-called  **  modified  stick  "  of  silver  nitrate  is  made  of  nitrate 
of  silver  and  saltpetre  (equal  parts,  or  one  part  of  the  former  to  two  of  the 
latter).  These  sticks  are  less  brittle  and  have  a  milder  action.  The  action  of 
biuestone  (sulphate  of  copper)  is  still  milder,  and  this  material  is  used  almost 
exclusively  in  diseases  of  the  eye. 

Other  Caustics, — Among  fluid  caustics  are  the  mineral  acids,  the  most 
useful  being  concentrated  sulphuric  acid  and  fuming  nitric  acid.  Besides 
these  there  should  be  mentioned  hydrochloric,  acetic,  monobrom-acetic,  and 
bichlor-acetic  acids  ;  also  concentrated  solutions  of  lactic  acid,  caustic  potash^ 
bichloride  of  mercury,  chloride  of  zinc,  chromic  acid,  antimony,  etc.  The 
fluid  caustics  are  injected  into  the  tissues  by  a  hypodermic  syringe,  and  this 
can  occasionally  be  practised  in  inoperable  cases,  such  as  tumours.  Of  the 
milder  caustics,  the  best  known  are  the  so-called  "  Vienna  paste  "  and  the 
pastes  consisting  of  arsenic  and  of  chloride  of  zinc. 

Vienna  Paste. — To  make  Vienna  paste,  Rve  parts  of  caustic  potash  and 
six  parts  of  quicklime  are  made  into  a  thick  paste,  immediately  before  using, 
by  the  addition  of  the  necessary  amount  of  alcohol.  The  paste  is  then  spread 
about  five  millimetres  thick,  by  a  wooden  spatula,  over  the  area  selected  for 
cauterisation,  and  allowed  to  remain  from  four  to  fifteen  minutes,  or  until  the 
desired  eifect  is  obtained.  After  six  minutes  at  the  latest  there  appears  at  the 
«lge  of  the  paste  a  gray  line,  which  indicates  that  cauterisation  or  eschar  for- 
mation is  taking  place  in  the  area  covered  by  the  paste.  After  the  removal 
of  the  paste  the  skin  which  it  covered  should  be  washed  off  with  vinegar. 

Arsenic  Paste. — Make  a  dough  of  one  part  of  arsenious  acid  and  fifteen 
parts  of  starch  and  water.  The  eschar  forms  after  a  few  days,  during  which 
there  is  severe  pain.  If  too  much  paste  is  applied  symptoms  of  poisoning 
are  very  apt  to  appear. 

Chloride-of'Zinc  Paste  {Canqxioin's  Paste).— Ohq  part  of  chloride  of 
anc  and  two  to  four  parts  of  flour,  according  to  the  amount  of  cauterisa- 
tion desired,  are  mixed  with  just  enough  water  to  make  a  rather  thick,  stiff 
dough.  The  thicker  the  dough  is  spread  out  oyer  the  skin  the  more  intense 
its  action.  Before  applying  the  paste  the  epidermis  should  be  removed,  as 
it  resists  the  cauterising  power  of  the  chloride  of  zinc.  The  action  of  this 
paste  is  very  painful. 

Ricallies  Caustic— B.iyallie  has  introduced  a  useful  caustic.  By  drop- 
ping concentrated  nitric  acid  upon  charpie  or  cotton-wool  in  an  earthen 
vessel  there  results  a  gelatinous  mass,  which  can  be  picked  up  with  forceps 
and  applied  to  the  skin,  and  after  a  quarter  to  half  an  hour  a  yellow  circum- 
scribed eschar  forms.  After  about  twenty-four  hours  the  eschar  can  be  for 
the  most  part  separated,  and  the  cauterisation  may  then  be  repeated.  Not 
the  smallest  amount  of  bleeding  results,  even  though  the  caustic  be  left  in 
place  for  twenty-four  hours,  and  the  pain  is  very  slight. 
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CaiLstic  Points. — In  conclusion,  mention  should  be  made  of 
of  cauterisation  used  by  Maisonneuve  (cautMsation  enfldches). 
painful  and  slow  procedure,  which   at  present  is  scarcely  evei 
means  of  a  sharp-pointed  bistoury  the  superficial  portion  of  i 
incised  in  lines  radiating  to  its  base,  or  else  the  base  is  puncturec 
all  around,  and  in  each  of  these  punctures  there  is  introduced  a  lo 
solid  stick  of  some  caustic,  or  the  incisions  are  filled  with  pieces 
strips  of  linen  soaked  in  some  fluid  caustic. 

§  26.  The  Division  of  Bone. — We  use  the  so-called  ras 
periosteal  elevator  before  dividing  a  bone,  in  order  to  raise  i 
serve  the  periosteum — as,  for  example,  in  the  subperiosteal  r 
the  bone  near  a  joint    The  ends  of  raspatories — i.  e.,  their  I 

sharpened  (Fig.  79), 
curved  (Fig.  79,  a)  • 
(Fig.  79,  J,  c).    Elev; 
to  pry  oflE  the  periosi 
out  cutting  it,  and  an 
blunt-edged,  and  eith 
or  slightly  curved  (I 
or  they  are   sometin 
like  a  goat's  foot  (Fig 
To  remove  a  part 
or  to  completely  di\ 
use  chiefly  the  chisel 
bone  forceps  and  the 
Chisels,  which  an 
the  best  steel, have  eith 
(Fig.  81,  J,  d)  or  flat  blades  (Fig.  81,  r/,  (?,  e).     Instruments  wi 
lar  cutting  edge  (Lauenstein)  are  also  useful  in  some  cases, 
much  in  strength,  breadth,  and  length,  and  have  their  edg 
across  or  slanting.     It  is  better  to  have  the  handle  made  no 
but  of  metal,  in  order  that  the  sterilisation  of  the  chisel 
mav   be  more  complete.     The  hammers  used  in  chiselling 
are  made  of  wood  or  metal.     For  dividing  the  large  hollc 
use  the  broadest  form  of  chisel,  as  is  recommended  bv  Ko 
for  these  large,  broad  chisels  I  prefer  wooden   handles, 
be  easily  replaced  if  they  become  damaged  by  boiling  in 
cent,   soda  solution.     They   are  not   to  l)e  applied  at  rig 
but   obliquely  to  the  long  axis  of  the    hone.     In  cases  \^ 
necessary  to  chisel  at  some  depth  below  tlie  surface,  anc 
possible  to  keep  perfect  control  of  the  action  of  the  chi 
recommends  that  the  chisellinu:  be  performed  with  three  hi 
an  assistant  holds  the  chisel  while  the  operator  does  the  h; 


ah  c 

Fio.  79. — RaMpatories.    a  ami  b 
are  Langcribcck^  c  in  Olliur  h. 


a  b 

Fio.  80.— Ele- 
vators. 
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lod  with  tbe  index  finger  of  his  other  hand  controls  the  blade  of 
tlie  clii^el. 

Tlie  cutting  bone  forceps  (Fig.  83)  or  bone  shears  (Fig.  84)  is  used 
to  remove  projecting  angles  or  portions  of   bone,  or  to  completely 


<3iTide  a  flat  bone  like  a  rib,  the  lower  jaw,  etc.     The  rongeur  or  gouge 
forceps  of  Lner  (Fig.  83,  d)  can  also  be  used  for  holding  a  bone.     The 


St  forceps  for  grasping  a  bone,  etc.,  ij*  thnt  of  Lnngenbeck  (Fig,  8.5). 
Tlie  boues  of  children,  particularly  the  soft,  Lalf-curtilaginous  epiph- 
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jBCB  and  Bpongy  bones,  like  tbe  carpal  and  tai'eal  bones,  can  often  be 
divided  witli  a  knife.  The  sbort,  strong  resection  knife  is  the  beat 
suited  for  this  purpose. 


For  sawing  bone  we  use  l>ow  saws  (Fig.  86),  narrow-bladed  (Fig. 
87),  and  dtain  saws  (Fig.  88).     The  broad,  Hat  saws  have  now  passed 


Fio.  SB.— n,  Bni 


entirely  out  of  nso.     Hut<-ber"s  saw  (Fifj.  S(i,  7i)  is  a  very  good  one ;  it* 
blade  can  be  drawn  ti};bt  or  relaxed  by  lucans  of  tlie  screw  in  tbe  top- 
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moiit  croesbar,  the  latter  being  connected  by  a  hinge  joint  with  the 

tvo  bats  rnnning  at  tight  angles  from  its  extremities.     Thus  these  two 

bare,  bj  means  of   the   hinge 

joint,  csD  exert  traction  in  the 

line  of  the  long  axia  of  the  saw 

blade,  atid  the  latter  can  make 

t  curved  cut  in  bone.     For  di- 

tidiDg  small  bones  like  the  pha- 
lanx the  Eo-called  phalangeal 

{Hg,  86,  c)  or  narrow-bladed 

aw  is  used    (Fig.   87).      The 

latter  saw   can   be   introduced 

throQgh  a  punctured  wound  in 

the  6oft  parts.     For  manj  oper-     '  '"■  '»-^°""  «'"■       ';;';  t^^-j^^'l^^^  ^^^ 

ttions  Adams's  narrow-bladed 

saw  is  one  of  the  best  (Fig.  87,  b).     JefEray'a  (178i)  chain  saw  (Fig. 

^'')  consists  of  numeroos  links  connected  by  binges,  and  each  extremity 

of  the  chain  is  provided  with  a  hook  for  connecting  it  with  the  handles. 
The  chain  saw  is  carried  around  behind  the  bone 
either  by  the  hand,  or  a  ligature  threaded  on  a 
blimt  curved  needle,  or  a  curved  probe  with  an 
eye  at  the  end,  or  by  an  instmment  like  the  one 
illustrated  in  Fig.  89. 
The  guide  in  Fig.  89  ia 
provided  with  an  eye  for 
the  thread,  by  means  of 
wliich  the  chain  saw  is 
brought  in  position  for 
-  for  example,  he- 
hind  the  neck  of  the 
femur.  The  earlier  in- 
struments of  this  class 
made  of  steel  or 
iron ;  but  I  have  substi- 
tuted for  them  a  copper 
rod  which  can  be  bent 
and  which  has  a  steel 
handle,  and  thus  I  can 
give  it  any  bend  I  desire. 
The  chain  saw  should  he 

Imnilled  gently,  and  with  moderate  traction  exerted  at  the  most  obtuse 
angle  poseible.     If  too  much  force  is  used  the  chain  may  break,  and 
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if  the  tension  upon  the  chaiu  ia  uneveu  it  may  hecome  jammed 
the  bone.    If  thU  occure  the  saw  sboald  be  pushed  back  a  little  wii 
the  thumb  and  index  finger.     Gigli's  line  flexible  wire  saws  are  vei 
useful  and  cheap. 

Eotation  Bawi. — ^Ollier,  acting  on  the  suggestion  of  the  circular  sa 
so  widely  used  in  the  arte,  lias  invented  a  "  rotation  saw "  which 
worked  by  a  crank,  and  by  means  of  which  pieces  of  bone  of  any  deain 
shape  and  size  can  l>e  cut  out.  The  dental  engine  (,Fig.  90),  with  i 
differently  shaped  burr  drills,  is  used  a  good  deal  in  surgical  operatioD 
such  as  trephining,  entaring  bone,  making  holes  in  bone,  etc.  A  dri 
with  a  handle  attached  is  to  be  preferred  to  the  machine  shown  i 
Fig.  90,  as  it  can  be  controlled  more  exactly.  In  place  of  the  dent 
engine,  which  is  worked  by  the  foot,  1  use  at  present  an  electn 


motor  which  ia  set  in  motion  by  an  accumulator.  My  electronioti 
has  a  rheostat  and  a  movable  stand.  I  use  it  for  sawing,  suturin. 
and  making  holes  in  bone,  and  for  centrifugal  purposes.  As  tl 
motor  only  requires  a  current  of  1.3  to  1.5  milliamperes,  the  aoc 
mutator  ordinarily  used  for  an  illuminating  apparatus  can  be  eniptoyi 
for  this  motor.  Jlention  sliould  finally  be  made  of  the  differe 
forma  of  trephines  which  are  used  for  making  circular  openings 
the  skull. 

Among  other  instruments  used  in  bone  operations  are  the  shai 
spoons  (see  page  77)  for  scrapinp  bone  which  lias  become  inflamed  a? 
broken  down ;  also  the  dilfereiit  kinds  of  drills  for  making  holes 
bone — for  example,  to  insert  a  lione  suture  fsee  Fig.  110).  The  Ih« 
files  for  smoothing  and  rounding  off  tlio  edges  of  a  bone — for  instanc 
after  it  has  been  sawcil  acri)ss— are  no  ji^ngor  used,  but  their  place  h 
been  taken  by  the  simple  chisel  or  Liistou's  bone  forceps. 
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Osteodaiia. — Either  the  hands  of  the  operator  or  special  instruments 
(ugteoclasts)  are  used  to  fracture  a  bone  (osteoclasis)  when,  for  example, 
a  fracture  has  healed  in  a  faulty  position,  or  when  there  is  a  curvature 
of  bone  resulting  from  rhachitis.  Collin,  Kobin,  MoUiere,  Ferrari, 
Beely,  and  Gratteau  have  each  devised  osteoclasts. 

In  spite  of  the  manifold  improvements  in  the  osteoclasts  the  instru- 
ments cannot  even  yet  be  relied  upon  to  do  all  that  their  inventors 
claim.  Above  all,  it  is  very  difficult  to  fracture  a  bone  at  exactly  the 
dteired  spot,  especially  if  it  is  in  the  neighbourhood  of  a  joint,  wdthout 
doing  some  injury  to  the  soft  parts. 


CHAPTER  VI. 

rHE   METHODS   OF   ABRESTING   H.£MORBHAOE. 

The  tying  of  vessels  (ligation). — Artery  clamps. — The  preparation  of  aseptic  ligature 
material  (catgut,  silk,  etc.). — The  substitutes  for  ligation. — Torsion. — Deep  suture. 
— Temporary  occlusion  of  the  lumen  of  the  vessel  by  artery  clamps. — Ligature 
of  a  part  of  a  vessel's  wall  and  suture  of  veins. — Pressure. — Packing. — Cauterisa- 
tion.—Other  methods  of  controlling  hemorrhage. — Irrigation  with  hot  and  cold 
water. — The  suture  of  the  wound,  with  application  of  pressure  by  the  dressings 
as  a  means  of  stopping  haemorrhage. — Old-fashioned  and  no-longer-used  methods 
of  stopping  haemorrhage  (acupressure,  acutorsion,  etc.). — Ligature  of  vessels  in 
their  continuity.  See  also  §§  18  and  19  (Prevention  of  Haemorrhage  in  Opera- 
tions, Esmarch's  Artificial  Ischemia). 

§  27.  The  Arrest  of  HsBmorrhag^  during  Operations. — We  distinguish 
between  arterial,  venous,  and  eapUlary  or  parenchymatous  hsemorrhage. 
We  sliall  here  discuss,  in  the  first  place,  the  arrest  of  haemorrhage  dur- 
ing an  operation. 

The  arrest  of  haemorrhage  from  a  wound  made  in  the  course  of  an 
operation  must  be  most  carefully  attended  to,  in  order  that  no  second- 
ary haemorrhage  may  interfere  with  the  healing  of  the  wound  or  en- 
danger tlie  life  of  the  patient.  It  is,  in  general,  an  indispensable  requi- 
site for  obtaining  perfect  primary  union  that  all  haemorrhage  should 
be  checked  completely.  In  the  presence  of  dangerous  haemorrhage 
the  qualities  of  a  surgeon  are  revealed ;  coolness,  presence  of  mind, 
and  complete  familiarity  with  the  technique  of  operating  are  indis- 
pensable. We  have  already  learned,  in  the  consideration  of  Esmarch's 
bloodless  method,  in  what  way  serious  haemorrhages  may  be  prevented 
in  any  operation. 

The  first  step  in  accurately  checking  haemorrhage  consists  in  tying 

oflf  (ligation  of)  the  vessels,  both  veins  and  arteries,  which  have  been 

wounded  in  the  course  of  the  operation.     If,  for  example,  in  a  high 

amputation  of  the  thigh,  or  disarticulation  of  the  femur,  the  femoral 

vein  is  not  ligated,  it  is  perfectly  possible  for  dangerous  recurrent  or 

secondary  haemorrhages  to  take  place ;  and  as  a  matter  of  fact  this  has 

been  observed. 
92 
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Attempts  to  diminish  or  prevent  haemorrhage  during  an  operation  are  as 
old  as  surgery  itself.  We  recall  with  a  shudder  the  times  when  amputation 
of  a  Jimb  was  performed  with  a  red-hot  knife,  or  when  the  amputation  stump 
was  plunged  into  melted  pitch  to  check  the  bleeding.  The  skilful  surgeons 
of  the  time  of  the  Roman  Empire  understood  the  treatment  of  haemorrhage 
better  than  the  physicians  of  the  middle  ages,  were  familiar  with  the  liga- 
ture, and  even  used  artery  clamps.  All  this  was  entirely  forgotten  during 
the  middle  ages,  and  Ambrose  Pare  reintroduced  the  ligation  of  vessels  in 
the  sixteenth  century. 

We  tie  off  or  ligate  the  vessels  in  the  wound  by  seizing  their  open 
ends  with  so-called  artery  clamps  or  haemostatic  forceps,  which  are 
closed  and  locked  by  a  suitable  contrivance  (Fig.  92).     The  Fricke- 


a  b  c  d 

Fig.  92. — Iltemostatic  forcej>8  or  clamps. 

Amuiiisat  clarap  (Fig.  92,  at,  J),  which  is  fastened  by  means  of  a  small 
Ading  piece  the  end  of  which  fits  into  a  ring  in  the  other  jaw  of  the 
fopeeps,  is  no  longer  used.  I  make  use  entirely  of  the  clamp  shown 
in  Fig.  92,  ^,  which  differs  from  the  similar  instrument  of  P6an  and 
Kceberle  in  having  teeth  at  the  tip,  and  hence  takes  a  firm  grasp  of  the 
feues. 

By  means  of  the  hsemostatic  forceps  or  clamps  the  isolated  end  of 
Ae  vessel  is  seized,  and^  if  necessary,  the  surrounding  tissues  are 
stripped  back  and  the  vessel  is  carefully  encircled  with  catgut  or  silk, 
which  is  then  tied  beyond  the  clamp.  In  the  case  of  large  arteries  the 
J^tnre  should  be  tied  in  a  surgeon's  knot ;  but  small  vessels  only 
•eqiiire  the  ordinary  square  knot.  The  ends  of  the  ligature  are  cut 
hort  after  the  clamp  has  been  first  removed  to  see  whether  the 
:not  holds  securely,  and  whether  there  is  any  danger  of  its  slipping. 
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The  8iirg60D'8  knot  is  made  by  twisting  one  end  of  the  ligature  aronnt 
the  other — not  once,  as  in  tying  the  ordinary  knot,  but  twice.  Tb- 
application  of  ligatures  en  maeae,  as  they  are  called,  about  the  veaee 
and  the  surrounding  tissue  should  be  avoided  as  much  as  possible 
Instead  of  htemostatic  forceps  or  clamps,  sharp-pointed  hooks  sr- 
sometimes  used  to  draw  out  the  end  of  the  vessel.  If  for  any  reaeoi 
it  is  impossible  to  tie  a  bleeding  vessel,  one  of  the  other  methods  o 
stopping  IiEeniorrliage  described  on  page  97  may  be  employed. 

Ligature  Materials. — Ligatures  are  made  of  catgut,  which  is  pre 
pared  from  the  intestine  of  the  cat  or  sheep,  and  of  silk.  Catgut  i 
absorbed  and  disappear 
completely,  while  ^k,  oi 
the  contrary,  remains  ii 
the  tissues.  In  the  ligfi 
tion  of  laj^  arteries  aui 
veins  I  prefer  silk  to  cal 
gut,  as  the  latter  may  be 
come  absorbed  before  th 
vessel  has  become  def 
nitely  occluded,  and  i 
this  way  serious  secont 
ary  hfemorrhage  may  n 
suit.  Furthermore,  sil 
can  be  sterilised  simpi 
and  completely  by  boiling,  while  the  sterilisation  of  catgut  is  still  uncei 
tain  in  spite  of  the  recent  improvements  in  the  methods.  For  th 
reason  I  prefer  silk.  The  latter  has  another  advantage  in  that  fiuf 
ligatures  can  be  used  than  in  the  case  of  catgut.  Silk  and  catgut  ai 
kept  in  glass  receptacles  similar  to  those  shown  in  Fig.  93. 

Preparation  of  Aseptic  Gatgnt— Ttiere  are  many  methods  for  killing  tl 
germs  iu  raw  catgut,  but  uoue  is  so  simple  and  sure  as  llie  preparation  of  si) 
—viz.,  by  simply  boiling  it  in  water.  The  surgeon  who  makes  use  of  catgi 
must  see  tliat  its  sterilisation  is  carried  out  witli  the  greatest  care,  and  mu 
have  it  frequently  tested  bacteriological  ly.  The  aseptic  methods  of  steri 
sation  are  to  be  preferred  to  the  antiseptie,  because  the  aseptic  ligatures  ( 
not  irritate  the  tissues.  Of  the  different  niethods  of  sterilisation  about  to  1 
described,  I  prefer  Kronig's  ciimol  method  and  iiiy  formalin  method.  Ev< 
when  catgut  is  germ  free  it  may  give  rise  to  sHppiiration  of  a  benign  chara 
ter,  due  to  cheniicitl  products  of  decomp«)sitiou  in  the  catgut  This  probab 
results  from  preparing  the  cntgiit  from  intestine  that  is  not  perfectly  fres 
It  is  hence  very  important  to  i)htain  a  reliable  raw  catgut.  The  existence 
such  numerous  methods  of  sterilisation  shows  how  hai-<l  it  is  to  get  a  real 
sterile  catgut.  It  is  very  inijx>rl«nt  to  make  from  time  to  time  bacteriolt^c 
examinations  of  the  fluid  in  which  the  cutgut  is  kept,  and  of  the  catgut  itse 


a.  9S.— VcHScls  for  stortn;^  MertltBed  CBtftut  anil  Bilk;  1, 
(.Tlusf  cnee  with  );'•»■■  "pools  for  hoKpitnl  practice:  2 
anil  3,  irliim  hottlen  villi  iiluu  rollers  uiil  Inilis'rubber 
stoppers  for  [ifivatc  practice  (see  slno  Ki(f.  18 


§27]   THE  ARREST  OP  HEMORRHAGE  DURING  OPERATIONS.         95 

Steriliaation  by  Dry  Heat— The  raw  catgut  must  first  be  soaked  for 
twenty-four  to  forty-eight  hours  in  absolute  alcohol  to  remove  all  water. 
Then  the  catgut  is  put  in  glass  tubes,  or  between  layers  of  blotting  paper,  or 
in  sealed  envelopes,  placed  in  the  dry  steriliser,  and  the  latter  heated  very 
slowly  (in  three  hours)  to  a  temperature  of  130°  to  150°  C.  The  catgut  is 
then  treated  for  three  hours  more  to  a  temperature  of  130°,  and  finally  the 
steriliser  is  cooled  off  slowly.  After  this  it  is  placed  for  six  to  eight  days  in 
oil  of  juniper  which  has  also  been  sterilised  by  heat,  and  then  it  is  stored  for 
use  ii;  a  one-per-cent  alcoholic  solution  of  bichloride  of  mercury,  or  in  a  ten- 
peiHrent  solution  of  carbolic  acid  in  glycerine,  or  in  a  l-to-500  aqueous  solu- 
tion of  bichloride  of  mercury.  Brunner  places  the  catgut  in  xylol  in  a  closed 
vessel  and  subjects  this  to  the  action  of  steam  at  a  temperature  of  100°  C. 
<21f  F.)  for  three  hours.  The  catgut  is  then  washed  in  alcohol  and  stored 
iu  an  alcoholic  solution  of  bichloride  of  mercury. 

Xronig's  Cmnol  Method. — Kronig  boils  the  catgut  in  cumol,  a  hydrocar- 
bon compound  of  which  the  boiling  point  lies  between  168°  and  178°.  He  has 
iwed  tjiis  method  in  the  following  way  in  his  gynaecological  clinic  at  Leip- 
ac,and  has  found  it  very  efficient :  1.  The  catgut  is  wound  into  rings,  which 
are  made  to  keep  their  form  by  tying  three  or  four  pieces  of  string  loosely 
about  each.  2.  The  catgut  rings  are  heated  slowly  to  a  temperature  of  70°  C, 
and  this  temperature  is  maintained  for  two  hours.  3.  The  rings  are  placed 
in  cumol,  and  heated  in  this  fluid  upon  a  sand  bath  to  a  temperature  of  155* 
to  165"  for  an  hour.  4.  They  are  then  placed  in  petroleum  benzine  for  three 
hours  in  order  to  remove  the  cumol  from  the  catgut,  and  are  kept  in  a  steri- 
lised glass  vessel. 

Chromicised  catgut,  which  is  more  slowly  absorbed,  is  prepared  from 
commercial  raw  catgut  by  subjecting  it  to  a  dry  heat  of  130°  C.  (266**  F.),  and 
keeping  it  for  forty -eight  hours  in  a  ten-per-cent.  solution  of  carbolic  acid  in 
glycerine,  and  then  for  hve  hours  in  a  one-half-per-cent.  solution  of  chromic 
•cid.  It  is  stored  in  a  five-  to  ten-per-cent.  solution  of  carbolic  acid  in  gly- 
cerine, or  in  a  one-per-cent  alcoholic  solution  of  bichloride  of  mercury,  end 
immediately  before  use  it  is  placed  in  a  three-per-cent.  aqueous  solution  of 
carbolic  acid  or  bichloride  of  mercury.  Macewen  keeps  the  raw  catgut  for 
two  months  in  a  mixture  of  twenty  parts  of  glycerine  and  one  part  of  a  twen- 
ty-per-cent  aqueous  solution  of  chromic  acid.  He  then  washes  it  and  stores 
it  in  a  twenty -perH?ent.  solution  of  carbolic  acid  in  glycerine. 

The  Sehimmelbiuch  Method  (Bergmann's  Clinic).— The  glass  vessels  that 
are  to  hold  the  catgut  and  the  glass  spools  are  sterilised  by  steam  for  three 
quarters  of  an  hour.  The  raw  catgut,  which  contains  fat,  is  rolled  on  s]X)ols 
and  soaked  for  twenty-four  hours  in  ether,  which  is  then  poured  off  and 
replaced  by  an  alcoholic  solution  of  bichloride  of  mercury  (one  part  bichlo- 
ride, eighty  parts  absolute  alcohol,  and  twenty  parts  distilled  water),  which  is 
wmoved  at  the  end  of  twenty-four  hours.  According  to  whether  one  desires 
stiff  or  pliable  catgut,  the  latter  is  stored  in  absolute  alcohol  or  in  a  twenty- 
I*^cent.  mixture  of  glycerine  and  alcohol,  or  in  the  alcoholic  solution  of 
bichloride  ;ust  described. 

Bnatfs  Method. — The  raw  catgut  is  soaked  in  etlier  or  chloroform 
f^  one  or  two  days  to  free  it  from  fat ;  it  is  then  placed  for  tweuty-four 
hours  in  an  aqueous  solution  of  bichloride  of  mercury  (1  to  1,000),  or  else 
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sterilised  by  the  dry  heat  method  (see  page  95),  and  then  stored  in  absolut* 
alcohol. 

Brnmier's  Kethod. — According  to  the  inresti^tion  of  Brunner,  the  cat- 
gut sl«rllised  hj-  treaitnent  with  bichloride  of  mercury  or  by  dry  heat  is  per- 
fectly sterile,  while  tjje  i-wtgiit  treated  with  carbolic  acid,  chromic  acid,  and 
oil  of  juniper  often  cuntAius  fuu^  and  bacteria.  He  recommends  the  fol- 
lowing method  :  The  raw  catgut  is  first  scnibbed  with  gi-een  soap,  and  then, 
either  immediately  or  nfter  soaking  for  half  an  hour  iu  ether,  it  is  transferred 
fo  an  aqueous  solution  of  bichloride  (1  to  1,11011),  where  it  is  left  for  twelve 
hours.  It  is  then  stored  in  bichloride  of  mercury,  one  part ;  absolute  alcohol, 
nine  hundred  parts  ;  glycerine,  one  hundred  pails. 

Repin'i  Method.— The  fat  is  first  removed  in  erher  or  carbon  disulphide. 
It  is  then  dried  in  an  oven  in  which  the  temperature  is  gradually  raised  lo 
110'  C.  The  next  step  is  lo  place  it  immediately,  before  it  takes  up  wat«r,  in 
a  tightly  closed  vessel  containing  absolute  alcohol,  and  heat  it  in  an  auto- 
Lherni  at  a  temperature  of  120°  C.  for  one  hour, 

Barthe's  method  is  similar  to  the  last.  In  order  to  obtain  a  less  J>riltle 
cat(,'ut  he  subjects  the  same,  after  removal  of  the  fat,  to  a  hot  current  of  air 
(Sll°  to  9.^"  C.)  in  a  Bpocial  vessel.  He  then  places  the  catgut  sjKmls  in  small 
tubes  closed  with  cotton,  and  siibjccLs  them  to  a  vapour  of  alcohol,  free  from 
wilier,  at  a  (em|)eniluii!  of  12l>°  C.,  und  under  a  prc«iure  of  four  atmospheres. 

Hethod  of  Halban,  Hlavaoek,  and  Hoftaeivter.— One  layer  of  raw  catgut 
is  wound  on  rods  of  glass  or  nickeled  iron,  and  hardened  in  two-  to  four-per- 
cent- formaliu  for  twelve  to  forty-eight  hours,  or  in  a  five-  lo  ten-per-cent 
solution  for  twelve  hours.  The  excess  of  formalin  is  then  removed  by  wash- 
ing it  off  in  running  water  for  twelve  hours  (Hofmeister).  The  catgut  is 
next  boiled  in  water  for  fifteen  to  twenty  minutes,  and  finally  hardened  and 
kept  in  absolute  alcohol,  with  th«  addition  of  five  per  cent  gljcenne  and 
four  per  cent  carbolic  acid  or  one  per  cent  bichloride,  depending  upon 
whether  met,il  or  glass  r<;Mls  have  been  used. 

Anthor'B  Fonnalin  Btetliod.  — One  layer  of  raw  catgut  is  rolled  on  glass 
spools  and  placed  for  twelve  to  forty-eight  hours  in  four-]>er-cent  formalin. 
The  spools  are  then  washed  off  with  running  water  for  twelve  to  twenty-four 
hours.  The  catgut  is  next  boiled  in  water  for  flfleeu  to  twenty  minutes  and 
then  placed  in  absolute  alcohol  for  six  hours.     It  is  kept  in  oil  of  juniper. 

gaol's  Method. — The  raw  catgut,  suitably  wound,  is  placed  in  a  specially 
constructed  boiling  apparatus  containing  eight  hundred  and  fifty  parts  abso- 
lute alcohol,  fifty  parts  carbolic  acid,  and  one  hundred  parts  distilled  wat«r. 
The  apparatus  is  heated  to  7.^°  C  and  then  the  size  of  the  flame  reduced  so 
that  the  tem|)erature  rises  gradually  lo  the  boiling  point  (78  to  W)°  CI.  which 
is  allowed  to  act  for  fifteen  minutes.  The  time  consumed  in  sterilisation  ia 
forty-five  minutes. 

Harrington's  Hethod.~HarringtoQ  sterilises  catgut  by  means  of  formalin 
vapour.  He  employs  the  dry  vapour,  which  does  not  weaken  the  catgut, 
whereas  the  moist  vapour  does. 

Jacobi  and  Rosenbach  recommend  the  impregnation  of  catgut  wilh 
iodoform  by  placing  it  for  six  to  twelve  hours  in  a  mixture  containing  iodo- 
form, five  ports ;  ether,  twenty  parts  ;  absolute  alcohol,  fifty  parts ;  and  gly- 
cerine, twenty  parts.     It  is  kept  either  in  the  dry  state  or  in  a  sterile  tluid 
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vtuch  neitiier  alters  the  catgut  i 
llrcfniie.  iodoform,  oil,  elt. 

'  PnpuMioii  of  Carbolised  and  Bichloride  Silk.— Tbe  curboliKei)  and  bi- 
cbloridc  silk  is  preparod  by  wimiimi  tlic  silk  on  lujlluw  glass  spools  and  then 
bdilint;  it  for  half  an  hour  iu  a  tive-per^eut.  aqueoua  solution  of  carbolic 
*nd,  or  «  l-to-500  solution  of  bichloride  of  mercury.  After  this  it  ie  stored 
in»Br^per<;ent  aqueous  solution  of  carbolic,  or  a  l-to-2,000  solution  of  bi- 
cbkiriilv uf  mercury,  or  in  absolute  alcohoL  An  aseptic  sUk  lig^lui 
itiR  woaiid  as  a  foreig-n  Ixk1,v.  but  without  causing  any  reaction. 

Ugatnret  of  Other  Kftteriali.— Besides  catgut  and  silk,  ligatures  are  made 
otchiMUoi.i  leather  or  parchnit'iit,  from  the  tuirta  of  the  ox,  from  liorse-hair- 
udfriHii  the  tendons  of  iiiainnials  like  the  kangaroo,  whale,  reindeer,  etc. 

J  2S.  Snbrtitntes  for  the  Ligation  of  VeBsels.  —  Toi-s-iim  of  the  End  of 
9u  XrUry  (Amiuisitl),  and  Deep  Sutnriiiy. — Torsion  of  the  cut  end 
of  1  vessel  is  performed  hy  seizing  the  end  in  a  liHimoEtntic  clamp  and 
liiitiiig  it  several  tiniee  on  its  long  axis.  The  lumen  of  the  vessel  is 
&D(cliit>ed  by  railing  np  and  tearing  tlie  walJB  of  tlie  vessel,  espeeislly 
the  middle  and  inner  coata,  Toreioo  produces  more  accurate  cloenre 
dthe  Inmen  of  the  ves^l  if  the  latter  is  grasped  by  two  clamps— one 
it  the  end  of  the  vessel  and  held  in  its  long  axis,  the  other  clamp  be- 
Un<l  tlie  first  and  at  right  angles  to  the  vessel.  The  damp  on  tbe  end 
ii  ihcu  twisted  three  or  fonr  times  alKint 
llie  long  axis  of  the  vessel.  Arteries  na 
Urge  as  the  axillary  and  femoral  can  he  so 

firmly  closed  by  torsion  that  no  bleeding 

will  occur.     But  if  branches  are  irfven  off 

do«e  above  the  bleeding  end  of  the  artery, 

tlie  latter  will  not  Ite  HufRciently  movable 

to  make  torsion  safe.     Murdoch  has  used 

loreiuD  euceesdfully  in  a  large  numiier  of 

unpumtions — viz.,  torsion  of  the  femoral,      ''"'■  '''\,i7'un',"V '(Si'iu'i'ic""^    "' 

IM  timi3s;   the  popliteal,    '24    tinjes;   the 

inlbu'y,  24  times;  the  anterior  and  posterior  tibial,  each  405  times; 

tiw  brachial,  U5  times;  the  radial  and  ulnar,  each  59  times.     Stilling 

ncommends  drawing  the  end  of  the  artery  through  a  puncture  made 

ID  tbe  artery  wall  (Fig,  04).     In  this  connection  mention  should  again 

b«  made  of  Doyen's  and  Tuffier'a  method  of  hrFinostasie  called  "  angio- 

Hipty,"  consisting  in  compreesing  tbe  vessels  by  special  forceps  (angio- 

tribe),  withont  subsequent  licHtion  ("sec  iilso  puge  "ft). 

Step  Sntim  around  a  Vessel  ("Umiteohung").— A  sntnre  passed 
ftrougb  tbe  tissues  around  a  vessel  is  similar  to  n  ligature  eu  vnisse, 
Icouue  the  surrounding  tissaes.  as  well  as  the  vessel  itself,  are  included 
iwjiw  lijjHture  (Fig.  y5).     A  sharply  curved  neetlle,  carrying  a  ligature. 
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is  passed  tlirough  tlie  tissues  so  that  the  poiotB  where  it  enters  at 
emerges  lie  close  together.  This  method  is  applicable  for  tlioee  caft 
in  which  the  bleeding  end  of  the  vessel  lies,  for  instance,  in  stiff,  aj 
yielding  tissues,  or,  for  one  reason  or  another,  cannot  be  sufficient! 
isolated  for  the  application  of  a  separate  ligature. 

Bmmattaait  by  poMing  a  Suture  through  the  Bkia  and  aronnd  a  TcmL- 

Middeldorpf's  method  of  passing  a  suture  through  the  skin  and  around  i 
vessel  is  at  best  only  a  temporary  expedient.  For  example.  i»  bleedini 
from  the  temporal  artery,  a  curved  needle  carrjinK  a  ligature  can  be  penal 
through  the  skin,  under  the  vessel  and  then  knotted  upon  the  skiu.  A  ami' 
lar  plan  is  sometimes  adopted  to  render  operations  on  the  tongue  blowllcd, 
At  the  end  of  the  operation,  when  tlie  wound  in  the  tongue  has  beeu  clcstd 
by  sutures,  tliis  ligature  en  rnasse  is  removed. 

Temporary  OMiniioa  of  the  Te«eli  by  Olainpe.— For  cases  in  which  the 
application  of  a  ligature  is  difQcuIt  or  impossible,  it  may  be  expedient  tt> 
occlude  the  lumen  of  a  vessel  by  a  hsmoetitic 
clamp,  which  is  left  in  place  for  some  tiint. 
Koeberle  and  Fean  have  found  the  lumen  d 
vessels  perfectly  closed  after  the  expiration  ol 
twenty-four  hours  with  this  method  of  luemo 
stasis. 

Simple  punctures  or  slits  in  the  wall  of  ■ 
large  vein  have  been  closed  by  the  applioatim 
of  a  ligature  to  the  side  of  the  vessel.  Tlie  in- 
jured portion  of  the  vein  is  seized  by  a  clamps 
and.  while  slight  traction  is  made  upon  it,  i 
ligature  is  tied  around  the  puncture  bejowi 
the  jaws  of  the  clamp,  and  thus  the  wholt 
lumen  of  the  vessel  is  not  occluded.  This  lit 
eral  ligature  is  but  little  used,  as  it  easily  slips.  If  a  large  vein,  like  Um 
common  femoral,  has  been  punctured,  and  there  is  fear  of  gangrene  of  thi 
lower  extremity  if  the  whole  vein  is  tie<l  otf,  it  is  best  to  close  the  punetuR 
temporarily  with  an  artery  clamp  or  by  Schede's  method  of  suturing  willi 
fine  catgut.  This  suture  of  veins  by  means  uf  the  finest  needles  and  catpi) 
has  beeu  j>erformed  a  great  many  times  and  with  excellent  results.  AmonJ 
the  veins  on  which  it  has  been  done  are  the  inferior  vena  cava,  the  axillaiT 
and  the  jujnilar. 

Large  arteries  have  also  been  siiccessfully  sutured.  ManteulTel.  foreism 
pie.  sutured  tlie  common  fcmornl.  Isran  tlio  common  iliac  (five  interruplW 
silk  sutures),  and  Hcidenheim  thea.xillary  (continuous  catgut  sutures),  h 
all  three  cases  the  sutures  held  perfectly,  and  no  secondary  hsemorrhagec 
circnliitf>ry  disturlwuicfs  followed. 

Experimental  Inveatigationa  on  the  Satture  of  Arteriea  and  Veini.— Tb 
animal  e.xiicriiTii'iils  iimde  liy  Horoili.  .Iiissinow.'sky.  Murphy,  and  others i 
regard  to  the  sutiuv  of  iirtcHcs  and  veins  juivc  (riven  fnvouruble  results.  S' 
ture  of  the  wound  in  ;iii  iiMci-y  n-sultcd  in  a  suit'  primary  union,  and  the 
was  no  lucmorrliaKi-  iifl<-r  the  •iix-nitiun.  Some  of  the  expenmcnters  had  t 
cases  of  scconihiry  hu;murrhaj;e.  cumplt-te  thrombosis,  or  aneurism  form 
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tioo,  and  the  lumen  became  completely  restored  at  the  point  of  suture. 
Horoch,  however,  found  that  a  gradual  closure  of  the  artery  took  place 
at  the  point  of  suture — not  a  sudden  one,  as  in  the  application  of  a  liga- 
ture. If  a  vein  is  sutured,  the  lumen  persists  to  a  greater  or  less  degree,  and 
consequently  Horoch  prefers  suture  to  the  application  of  a  lateral  ligature,  as 
tbeex|)eriments  of  Blasius  show  that  lateral  ligation  of  a  vein  regularly  causes 
occlusion  of  the  latter^s  lumen  by  a  thrombus.  Suturing  of  the  vessel's  wall 
is  particularly  applicable  in  longitudinal,  oblique,  and  *"  flap  ^'  wounds,  pro- 
vided that  not  more  than  half  the  circumference  of  the  large  vessel  is  in- 
ToJFed  in  the  wound.  The  most  rigorous  asepsis  is  absolutely  essential  for 
success  in  suturing  a  portion  of  the  wall  of  an  artery,  for  which  the  finest 
silk  is  used  in  the  form  of  a  continuous  suture  with  interrupted  sutures 
through  the  adventitia  and  media.  In  the  case  of  veins  catgut  can  be  used. 
In  case  more  than  half  of  the  circumference  of  the  vessel  has  been  divided. 
Murphy  employs  invagrination  of  the  two  ends  in  place  of  sutures.  He  used 
this  method  successfully  in  the  case  of  the  femoral  artery  in  the  human  sub- 
ject The  method  is  as  follows :  After  complete  division  of  the  partially 
divided  vessel  three  sutures  are  inserted  through  the  adventitia  and  media  of 
tbe  proximal  end,  and  the  ends  of  the  sutui*es  are  carried  from  within  out- 
ward through  the  distal  end.  The  proximal  end  is  then  drawn  into  the  dis- 
tal end  by  means  of  the  six  threads.  The  latter  are  then  tied  and  four  or 
five  interrupted  sutures  are  passed  through  the  projecting  edge  of  the  distal 
end  and  again  through  the  adventitia  and  media  of  the  proximal  end.  Fi- 
lially, the  sheath  of  the  vessel  is  sutured. 

§  29.  Other  Methods  of  HsBmostasis. — Press^ire. — Another  most  im- 
portant method  of  haemostasia  is  pressure^  which  we  apply  in  many 
different  ways,  and  which  is  evidently 
the  simplest  and  most  natural  way  of 
checking  hoemorrhage.  Whenever, 
during  the  course  of  an  operation, 
blood  gushes  forth  from  a  divided 
vessel,  we  immediately  place  our  fin- 
ger upon  the  bleeding  point  and  so 
rtop  the  haemorrhage.  It  is  singular 
that  this  simple  method  of  haemostasia 
is  60  little  understood  by  the  laity ; 
when  they  meet  with  dangerous  bleed- 
ing, perhaps  from  a  punctured  wound 

of  one  of  the  larger  arteries,  they  are 

^ery  apt    to    employ    the   strangest 

remedies,  such  as,  for  example,  the 

application   of   cobwebs  and  similar 

things.    Pressure  is  also  practised  as 

« temporary  means  of  haemostasis  in  the  form  of  digital  compression 

(mentioned  in  §  18,  p.  54)  of  thel^afferent  artery,  and  by  means  of  rub- 


Fio.  06. — Forced  flexion  of  the  knee  for 
temporary  arrest  of  hainiorrhuj^re  in  the 
popliteal  space. 
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ber  bandages,  tourniquets,  etc.     In  suitable  cases  pressure  can  be  co 
bined  with  forced  flexion  of  the  neighbouring  joint — as,  for  example^ 
in  bleeding  in  the  popliteal  space  the  knee  joint  is  immobilised  in  ex- 
treme flexion  (Fig.  96),  or  haemorrhage  at  the  bend  of  the  elbow 
can  be  held  in  check  by  immobilisation  of  the  elbow  joint  in  a  position 
of  extreme  flexion. 

Pressure  is  the  ordinary  method  of  hsemostasis  used  for  stopping 
parenchymatous  bleeding.  The  wound  is  compressed  for  a  time  with 
aseptic  sponges,  or  is  "  packed "  with  some  aseptic  material  such  as 
iodoform  gauze,  or  the  dressing  is  bound  on  so  as  to  exert  pressure. 
In  "  packing"  a  wound  or  canity  such  as  the  nasopharynx  or  rectum, 
we  fill  it  as  tightly  as  possible  with  some  aseptic  material  such  as  iodo- 
form gauze.  Ligation  of  the  bleeding  vessels  is,  of  course,  ranch  more 
reliable  than  this  method. 

Cautery. — Of  the  other  methods  for  hsemostasis  the  hot  iron  is  the 
most  important,  the  best  form  of  which  is  Paquelin's  thermo-cauterj 
(Fig.  73,  p.  79)  or  Middeldorpf  s  galvano-cautery  (p.  80).  The  fim 
eschar  of  the  bum  prevents  the  escape  of  blood.  The  cautery  is  usually 
only  suitable  for  bleeding  from  small  vessels  which  cannot  be  ligatei 
It  should  be  used  at  not  more  than  a  red  heat,  so  as  not  to  bum  the 
tissues  too  rapidly,  but  simply  to  char  them  slowly. 

Styptics. — Among  the  fluid  remedies  for  checking  haemorrhage  men- 
tion should  be  made,  in  the  first  place,  of  liquor  ferri  chloridi,  which  makes i 
firm  coagulum  with  blood.    A  pledget  of  cotton  or  gauze  is  soaked  in  it  and 
applied  to  the  bleeding  s^jot  as  firmly  as  possible  for  one  or  two  minutes. 
This  procedui*e  must  usually  be  repeated  one,  two,  or  three  times.    Stjrptic 
cotton,  as  it  is  called,  is  simply  cotton  which  has  been  soaked  in  liquor  fwri 
chloridi  and  dried.    The  material  made  from  the  Boletus  igntariiis  and  the 
Petighairar  djamhi  is  very  similar  to  styptic  cotton,  and  consists  of  the  light- 
brown  hail's  from  the  stem  of  the  Cibotium  cuminghii.QXi  East  Indian  plant 
If  this  is  applied  in  sufficient  amount  to  the  wound  surface  and  with  enougb 
pressure,  it  makes  a  very  good  styptic.    Noltenius  has  recommended  a  pengha- 
war  cotton  consisting  of  a  mixture  of  Penghaivar  djambi  with  cotton  and 
ten  per  cent,  of  iodoform.    All  styptics  producing  an  eschar  prevent  primary 
union  of  the  wound.    Under  fluid  haemostatics  there  are  still  to  be  mentioned 
vinegar,  solutions  of  alum,  turpentine,  and  aqua  Binelli.    Wright  recom- 
mends a  solution  of  fibrin  ferment  with  one  per  cent,  of  chloride  of  limeis 
a  useful  haemostatic,  which  does  not  produce  an  eschar.    Cocaine  has  also  ^ 
haemostatic  action,  and  for  this  purpose  can  be  used  in  operations  on  th^ 
gums,  in  bleeding  from  the  nose,  etc.     For  the  latter  purpose  cotton  tampou*^ 
can  be  used  after  soaking  them  in  a  twenty-  to  thirty-per-cent  solution  ^^ 
cocaine  (also  adding  a  little  glycerine).    Saint-Germain  and  Henocque  spells 
well  of  the  haemostatic  action  of  antipyrine  (either  in  a  twenty-per-cent  uk^ 
tion  or  in  the  form  of  a  powder).     In  cases  of  haemorrhage  from  the  genitO* 
urinary  tract  Meisels  has  made  successful  use  of  cornutin  (in  doses  of  0.0^ 
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gnunme  a  day).     lu  capillary  lUEtDorrhage  Revertlia  recommends  sodium 
wlphale  in  doses  of  a  decigramme  every  bour  as  a  very  excellent  liKmo- 


OoU  and  Hot  Irrigation.— We  arrest  capillary  and  parenebjmatoiie 
hcoiorrliage  by  pressure  applied  for  a  short  time,  especially  liy  oieaDs 
of  aseptic  sponges  or  pads,  by  irrigation  witli  ice  water,  or  with  water 
heated  to  about  45°  C,  {113"  K.|.  and  by  suturing  the  wound  and  ap- 
plying an  antiseptic  dreeeiDg  tight  enough  to  exert  pressure.  Ice  water 
flops  the  bleeding  by  causing  the  capillaries  and  sniallej^t  vessels,  to. 
jKlber  with  the  surrounding  tissues,  to  contract,  while  water  at  a  tern- 
pemtiire  of  aliout  45°  C.  (113°  F.)  acta  by  directly  promoting  coagula- 
liifl  of  the  blood. 

Sntore  of  the  Woond. — An  important  hsemostatic  measure,  as  already 
mentioned,  is  the  exact  coaptation  of  the  edges  of  the  wound  by  means 
ofiiutures,  especially  in  the  case  of  parenchymatous  bleeding,  and  in 
IntDorrhage  from  tJie  smaller  arteries,  particularly  those  of  the  skin. 

PreMure  from  Dressingfl. — The  application  of  an  antiseptic  dressing 
thich  exerts  pressure  likewise  checks  or  prevents  subsequent  paren- 
cbjmatous  oozing. 

BleTAtioiL — In  the  ease  of  the  extremities  we  possess  a  valuable 
hemostaTic  measure  in  the  form  of  elevation  or  suspension  of  the  part, 
md  in  certain  cases,  particularly  after  the  use  of  Esniarch's  artificial 
iwlupiaia,  which  is  apt  at  times  to  be  followed  by  sei'ious  parenchyma- 
lua»  bleeding  or  oozing,  tliie  procedure  is  invaluable. 

Ligature  en  Kane.— In  a  ligature  en  manse  a  considerable  portion  of 
tiMi»  ci.iitaiiiin^  vessels  ifi  tied  off  with  silk  or  catgut.  The  ligatures  are 
arriwl  cbn.ii£rh  tlie  tissues  by  nieacs  of  a  curved  needle  or  a  blunt  aneurism 
i»»dle  (■^■i'  Fie.  !'7.  p.  in3i. 

Aeaprewnre  and  Acnflloprennre.— Acupressure  and  acu  tilopressure  (Simp- 
"rui— iliat  is.  eonipressioii  of  llir  vessels  by  long  needles  stuck  throuKh  the 
ij(t  iHirts  ' Hciipres.su re),  iir  by  needles  thus  inserted  and  having  a  thread 
"ouiid  nmund  Ibe  pmjeoting  ends  (acufilopressure)— are  at  present  no  longer 
ti»rf  and  will  not  l>e  descrilted. 

S  30.  Ligation  of  Arterie*  in  Continnity.— The  ligation  of  arteries  in 
thdr  continuity  is  performed  for  injuries  and  for  pathological  condi- 
d(KU,  notably  aneurism.  In  case  of  severe  ha;morrhage  from  an  artery 
uthe  remilt  of  a  punctured,  gunshot,  or  transverse  wound,  it  used  to 
be  the  custom  to  ligate  the  artery  at  its  most  accessible  portion,  in  the 
•(w^llwl  place  of  election,  proximal  to  the  site  of  injury.  This  is  not 
llie  best  plan,  on  account  of  the  frequency  of  secondary  hieniorrhage 
(wm  ihe  unsecureil  wound  in  the  artery  after  the  collateral  circulation 
Iwwunftt  established.  At  present  we  search  for  the  point  where  the 
flbeen  wounded  and  tie  tlie  vessel  on  the  proximal  and  distal 


aistai  I 


102  THE  METHODS  OF  ARRESTING  H.£M0RRHA6E. 

sides  of  the  wound,  and  then  extirpate  the  injured  portion  of  the  veseel 
1  ving  between  the  two  ligatures,  and  secure  anv  branches  which  maj 
be  given  off  in  the  immediate  neighbourhood. 

Aft  described  under  §  IS,  the  ligation  of  arteries  in  their  continnitj 
is  also  performed  as  a  prophylactic  measure,  to  diminish  or  control 
haemorrhage  during  an  operation  upon  the  r^on  supplied  by  the 
artery  in  question.  Under  this  heading  comes,  for  example,  ligation 
of  the  lingual  arteries  in  extirpation  of  the  tongue,  of  the  femoral  in 
disarticulation  of  the  femur,  of  the  axillary  or  subclavian  in  diBarticu- 
lation  of  the  humerus.  Moreover,  the  afferent  arteries  of  a  part  are 
sometimes  ligated  to  check  the  growth  of  an  inoperable  tumoar,  and 
for  elephantiasis — for  instance,  of  an  extremity,  etc. 

The  operation,  which  is  performed  with  every  aseptic  precaution, 
consists  of  two  parts :  (1)  The  exposure  and  isolation  of  the  arteiy, 
and  1 2)  the  application  of  the  ligature.  In  general  it  is  best  to  nee 
£smarch*s  artificial  ischseraia  in  ligating  an  artery  of  an  extremity. 
For  instruments  we  use  a  medium-sized  scalpel,  a  straight  and  carved 
pair  of  scissors,  two  toothed  thumb  forceps,  two  dissecting  forceps, 
several  artery  clamps,  two  retractors,  a  director,  and  an  anearism 
needle,  with  aseptic  silk  and  catgut  ligatures. 

After  carefully  washing  the  field  of  operation  in  the  usual  way, 
shaving  it,  and  disinfecting  it  with  a  three- per- cent,  solution  of  carbolic 
acid,  or  with  bichloride,  1  to  1,000,  and  placing  the  part  in  a  convenient 
position,  an  incision  six  to  eight  centimetres  long  is  made  through  the 
skin  along  the  course  of  the  artery.     The  fingers  of  the  left  hand  hold 
the  skin  firmly  stretched,  or  a  fold  of  skin  is  lifted  up  and  divided 
from  without  inwards,  or  transfixed  and  cut  from  within  outwards. 
The  skin  is  divided  by  one  stroke  of  the  knife.     Then  the  operator 
and  hi-j  assistant  seize  the  cellular  tissue  at  two  opposite  points  with 
toothe<l  forceps,  and  while  it  is  gently  lifted  up  it  is  divided  l)etween 
the  two  furceps  with  the  knife  to  the  full  extent  of  the  cutaneous  in- 
cision.    The  remaining  tissues  are  divided  as  in  dissecting  until  tb© 
arterial  sheath  is  reached.     The  sheath  can  also  be  reached  very  easil5 
and  quickly  by  pushing  aside  and  tearing  the  tissues  with  a  directa^i 
the  handle  of  the  knife,  or  the  finger.     It  is  advisable  for  the  beginn^''^ 
to  divide  the  connective  tissue  carefully  upon  the  director.     TTh^^ 
the  sheath  of  the  artery  has  been  laid  bare  it  is  well  to  make  certai^^' 
by  palpation  with  the  finger  tip,  that  it  is  the  artery  which  has  be^^ 
exposed.     Even  though  there  be  no  pulsation,  one  can  easily  distich- ' 
guisli  the  firm,  thick  arterial  wall,  which  can  be  made  to  roll  under  th^ 
finger,  frum  the  soft,  thin  wall  of  a  vein.     A  nerve  feels  like  a  roun^ 
solid  cord.     The  operator  then  grasps  the  sheath  of  the  artery  with  ^ 
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thed  forceps  or  dissecting  forceps,  lifts  it  up  from  the  artery, 
'IIS  it  with  a  knife  or  curved  scissors  or  a  director.  Into  the 
:  thus  made  in  the  sheath  of  the  artery  is  inserted  an  aneurism 
:>r  curved  blunt  hook  (Fig.  97,  a,  i),  in 
)  separate  the  artery  itself  on  all  sides 
e  sheath.  One  should  never  free  the 
rom  its  sheath  to  too  great  an  extent, 
should  carry  out  this  step  in  the  opera- 
^ntly  as  possible,  to  avoid  unnecessary 
»n  of  the  artery  and  its  sheath.  When 
•e  circumference  of  the  artery  has  been 
d  from  its  sheath,  an  aneurism  needle 
an  aseptic  catgut  or  silk  ligature  is 
mder  the  vessel,  and  after  encircling 
T  the  ligature  is  tied  fast  around  the 
Fig.  98).  Two  surgeon's  knots  supple- 
by  a  simple  knot  are  usually  considered 
y  for  the  larger  arteries.  A  surgeon's 
iiade  by  twisting  the  ends  of  the  liga- 
ice  about  each  other,  and  not  once,  as 
ng  a  simple  knot.  Large  arteries  are 
^ecured  by  a  double  ligature,  and  the 
then  divided  between  the  central  and 

•al  ligatures.  If  an  artery  is  to  be  tied  double — i.  e.,  on  the 
md  peripheral  sides  of  the  point  of  injury,  perhaps  a  punctured 
-the  aneurism  needle  is  threaded  with  a  double  ligature,  and 
r,  after  being  placed  around  the  artery,  is  cut  at  the  loop,  thus 
)ne  ligature  for  the  central  and  the  other  for  the  peripheral 
of  the  artery.  In  passing  the  aneurism  needle  around  the 
ire  must  be  taken  to  avoid  injury  to  the  neighbouring  vein, 

and   before    drawing  the    ligature 
tight  it  must   be  ascertained   that 
the  arterv  alone  is  tied,  and  that  a 
nerve  is  not  included  in  the  liga- 
ture.    After  tying  the  ligature  its 
ends  are  cut  short.     If  the  opera- 
tion has  been  performed  with  the 
aid  of  Esmarch's  artificial  ischjtmia, 
the  rubber  bandage  is  now   care- 
)sened  and  then  slowly  removed.     When  the  double  ligature 
a  tied  and  the  intervening  wounded  portion  of  the  artery  has 
:tirpated,  the  operator  should  always   look  out  for  branches 


Fio.  97. — AneuriBm  needles. 
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arising  from  this  intervening  portion,  which  should  be  secured  wi~ 
the  same  care  as  the  main  vessel,  because  there  is  a  possibility  of  s^ 
ondary  haemorrhage  from  these  branches  after  the  establishment  of  tl 
collateral  circulation.  The  wound  is  then  either  packed  with  gauze  « 
closed,  with  or  without  drainage.  An  antiseptic  dressing  exerting 
gentle  pressure  must  then  be  applied,  together  with  a  splint  in  the  csj 
of  the  extremities,  so  that  the  part  which  has  been  operated  upon 
immobilised  as  completely  as  possible.  Immediately  after  the  artei 
has  been  ligated  a  collateral  circulation  takes  place  through  tL 
branches  given  ofE  above  and  below  the  ligature  (see  §  61). 

The  ligation  of  particular  arteries  is  taken  up  in  the  text-book  c 
Regional  Surgery. 

The  ligation  of  veins  in  their  continuity  is  carried  out  in  exactJ 
the  same  manner  as  described  for  arteries. 


CHAPTER  VII. 

DRAINAGE   OF  WOUNDS. 

ImporUnee  of  drainage. — Different  methods  of  draining  a  wound  :  leaving  the  wound 
open ;  aseptic  packing ;  drainage  by  rubber  tubes. — Absorbable  drains. — Drainage 
lubes  of  glass,  metal,  etc. — Capillary  drainage  with  strands  of  catgut,  horse-hair, 
uul  glass  wooL — Formation  of  openings  in  the  skin. — Secondary  suture. — Healing 
under  a  blood-clot  without  drainage  (Schede). 

§  31.  The  Method  of  allowing  the  Secretioiui  of  a  Wound  to  Escape. — 
Dmnage, — In  every  fresh  wound  there  is  regnlarly  an  escape  of  a 
blood V,  serous  fluid,  rich  in  albumin,  from  the  divided  tissues,  the  open 
capillaries,  and  lymph  spaces,  and  it  corresponds  in  amount  with  the 
size  of  the  wound  and  the  number  of  cavities  and  pockets.     The  forma- 
tion of  these  cavities  in  the  wound  should  be  prevented,  as  far  as  possi- 
ble, bj  sutures  and  by  the  application  of  a  dressing  exerting  proper 
pressnre.     In  small  wounds  the  pressure  exerted  by  the  dressings  is 
efficient  to  obtain  rapid  healing,  and  it  is  not  necessary  to  use  means 
for  carrying  off  the  secretion  except  when  suppuration  is  already  pres- 
ent.   But  in  case  of  suppuration,  and  in  large  fresh  wounds,  we  must 
provide  suitable  channels  for  the  escape  of  the  secretion  in  the  shape 
of  drainage  in  some  form.     Unless  we  do  this  the  secretion  is  retained 
in  the  wound  and  prevents  primary  union.     Moreover,  opi)ortunity  is 
given  for  the  secretion  to  decompose  and  for  pus  to  form,  and,  as  a 
^ult  of  the  retention  of  the  pus  or  decomposed  secretion  of  the  wound, 
spreading  suppurative  inflammation  or  gei^eral  infection  of  the  whole 
sviitem  takes  place  from  absorption  of  the  infectious  material  (pysemia, 
fieptica^niia).     Consequently  it  is  a  matter  of  great  importance  to  pro- 
%  careful  drainage  in  large  clean  wounds,  and  particularly  in  those 
^bieh  are  already  infected.     At  the  present  time  attempts  have  been 
^e  to  do  away  with  drainage  in  wounds  made  in  aseptic  ojierations, 
I'nt  most  surgeons  still  rely  npon  it.     As  a  matter  of  fact,  it  is  indis- 
peni^ble  for  the  first  twenty-four  to  forty-eight  hours  in  large  aseptic 
bounds,  even  after  they  have  been  closed  by  sutures — for  example, 
tfter  amputation  of  the  breast,  accompanied  by  cleaning  out  the  axilla. 
The  secretion  from  the  wound  and  the  effused  blood  can  thus  escape, 
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and  so  do  not  prevent  the  nipid  aggintination  of  tlie  opposed  wound 
surfaces.  Tliere  are  various  methods  fur  enabliDg  the  eecretiou  from 
the  wound  to  escape. 

Tlie  simplest  of  these  is  to  leave  the  wound  open  without  suturing 
it,  or  only  partially  suturing  it,  leaving  tlie  angles  of  tlie  wound  unclosed. 
Open,  unsutured  wounds  are  generally  tilled  with  some  absorbent  mate- 
rial, usually  sterile,  or  iodoform  gauze.  This  aseptic  packing  of  a 
wound  is  an  excellent  method  of  drainage,  as  it  absorbs  the  secpetion 
from  the  wound  and  causes  it  to  remain  aseptic.  MHien  necessary,  the 
packing  can  be  fastened  in  place  by  sutures  through  the  skin.  Wounds 
which  have  been  left  open  can  then  afte.r  a  few  days,  when  the  pack- 
ing is  removed,  be  closed  by  secondary  suture,  as  it  is  called,  which 
hastens  the  healing  process. 

If  we  wish  to  immediately  close  large  and  deep  wounds,  which  have 
not  been  infected,  so  as  to  obtain  rapid  healing  with  priniarj'  union — 
i.  e.,  direct  agglutination  of  the  tissues  without  the  formation  of  pus, 
as  in  amputations,  resection  of  joints,  extirpation  of  tumours,  etc.^we 
take  proper  stepa  for  conducting  ofE  tiie  secretions  of  the  wound  by 
drains  inserted  into  the  deepest  portions  of  the  wound. 

Drainage  Tubes. — The  ordinary  drains  are  made  of  tubes  of  vulcan- 
ised rubber  or  glass  provided  with  numerous  lateral  openings  (Figs. 
9it  and  IIJH).     These  drainage  tubes 

1^^  should  have  as  large  a  calibre  as  pos- 

/  ^  I  sibie,  and,  while  not  being  too  long, 

\     I  I  they  must  always  be  so  inserted  as 

/     /  ||  to  render  easy  the  escape  of  tLe  secre- 

I      j  I  tions  from  any  part  of  the  wound, 

I     /  £  and  therefore  should  reach  into  its 

I     I  m  deepest  portions.     Whenever  possi- 

11  I  ble,  I  place  the  drain  to  one  side  of 

n     I  I  the  suture  line  and  not  directly  be- 

r     I  I  neath  it,  so  as  not  to  separate  the 

<l\    r-N      /"^     ^*%     suture  line  from  the  underlying  part* 
r^r       i    I     f     I     ^^^   ^'"'^  render  it   impossible   for 
N^         V/     \«/      primary  union  to  take  place.    Drains 
Fio.  Bfl.       Flo  100.       Flo.  loi.-Drfliii     are  passed  through  a  wound  with  the 

Rubber  Uluss  Kprcer's.  ■  j        i-     i 

cimin.  arein.  aid  of  dressmg   forceps   (Fig.    101) 

after  the  skin  has  been  first  incised 
with  a  knife  and  the  remaining  soft  parts  have  been  pierced  by  the 
forceps.  The  drainage  tube  is  secured  in  its  position  by  a  stitch  taking 
in  a  part  of  the  end  of  the  tube,  or  by  a  (iisinfecte<l  safety  pin,  and 
thua  prevented  from  slipping  into  the  wound.     T-shaped  tubes  are 
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sometimes  usef nl  in  preventing  the  drain  from  falling  out  of  or  slipping 
into  the  wound.  A  T-shaped  drainage  tube  is  easily  made  by  splitting 
oueend  of  a  tube  (Fig.  102,  A)  longitudinally  and  then  drawing  each 
end  through  a  lateral  opening  in  another  tube  (Fig.  102,  B).  The  drain 
is  removed  from  fresh  wounds  at  the  same  time  that  the  stitches  are, 


Fio.  102. — CoDBtruction  of  a  T-shaped  drainage  tube. 

or  liv  the  second,  third,  fourth,  or  seventh  day,  according  to  the 
nature  of  the  case  and  the  size  of  the  wound.  If  it  is  a  suppu- 
Jiating  wound  the  drain  is  taken  out  when  the  suppuration  ceases, 
and  under  such  conditions  it  is  best  not  to  remove  the  drainas:e  alto- 
father  at  one  time,  but  first  to  shorten  the  tubes  and  then  gradually 
take  them  out. 

I  have  recommended  short  drainage  tubes  of  large  calibre  because 
they  do  not  so  easily  become  plugged  up,  and  consequently  there  is  no 
necessity  for  syringing  them  out  with  antiseptic  solutions.  This  syring- 
ing out  of  drainage  tubes  should  be  avoided,  especially  in  all  fresh 
bounds  produced  in  an  operation.  It  can  only  do  harm  by  irritating 
the  wound  and  forcing  apart  again  the  already  adherent  wound  sur- 
faces. It  is  tetter  to  replace  stopped-up  drainage  tubes,  if  necessary, 
l>y  new  ones.  Even  washing  out  a  suppurating  wound  with  antiseptic 
^lotions  by  means  of  an  irrigator  (Fig.  103)  ifi  often  entirely  unneces- 
sary, and  may,  indeed,  do  harm. 

Hardening  of  Bnbber  Drainage  Tubea— In  order  to  prevent  rubber  drain- 
a?^  tubes  from  becoming  soft  it  is  a  jroofl  plan  to  first  place  tliem  for  five 
niinutes  (the  thick  variety  longer)  in  strong  sulphuric  acid,  then  wash  them 

• 

in  five-per-cent  alcohol  and  keep  them  in  five-per-cent.  carbolic  or  1  to  1,000 
Chloride.  The  orange-red  drainage  tubes  are  best  suited  to  this  process, 
the  jrray  and  black  ones  less  so.  The  tubes  that  have  once  been  hardened 
'^tain  the  stiffness  of  their  walls  even  in  the  antiseptic  solutions  in  which 
they  are  kept  stored. 
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Absorbable  Drainage  Tubes. — Resides  rubber  drainage  tubes,  other  forms 
have  been  used,  such  as  absorbable  tubes  made  of  decalcified  bone.  The 
absorbable  drainage  tubes  of  decalcified  bone  have  not  come  into  very  gen- 
eral use,  because  they  are  liable  to  be  absorbed  too  quickly  before  they  have 
accomplished  their  purpose. 

Preparation  of  Absorbable  Bone  Drains.— Absorbable  bone  drainage  tubes 
are  made  as  follows :  The  long,  hollow  bones  of  fowls  and  other  birds  are 
freed  from  soft  parts  by  boiling,  and  then  placed  for  about  ten  or  twelve 
hours  in  a  mixture  of  one  part  of  hydrochloric  acid  and  two  parts  of  water ; 
the  ends  of  the  bones  are  cut  off  with  scissors  and  their  interior  cleaned  out 
with  a  stout  wire,  after  which  they  are  boiled  in  a  five-per-cent  carbolic  solu- 
tion, to  which  Deakin  adds  some  borax,  and  they  are  finally  stored  for  use 
in  the  same  solution. 

Strands  of  Catgut  as  a  Drain.  —  The  smallest  drain  which  we 
use  consists  of  strands  of  aseptic  catgut  or  horse-hair,  which  are 
laid  side  by  side  in  the  form  of  a  bundle  of  threads.  Kummel  has 
recommended  capillary  glass  drainage  in  the  form  of  strands  of  spun 
glass. 

Attempts  have  been  made  to  substitute  drainage  by  means  of  holes 
made  in  the  skin  for  the  ordinary  drainage  with  rubber  tubes  in  case  of 
wounds  directly  under  the  skin,  and  the  canalisation  of  skin  and  mus- 
cular tissue  in  case  of  deeper  wounds  (Esmarch  and  Neuber).  To  make 
a  canal  of  skin  and  muscular  tissue  for  purposes  of  drainage,  the  cut 
edge  of  the  skin  on  each  side  is  attached  by  a  catgut  suture  to  the 
wound  in  the  muscular  tissue  beneath  it. 

Of  all  these  different  kinds  of  drainage,  in  my  judgment  the  ordi- 
nary drainage  supplied  by  rubber  or  glass  tubes,  or  by  packing  the 
wound  with  sterilised  gauze,  is  by  far  the  best,  and  all  other  methods 
(strands  of  catgut,  bundles  of  horse-hair,  cutaneous  punctures,  canalisa- 
tion, and  absorbable  drains)  are  only  suitable  for  small  wounds,  and  are 
insuflScient  for  large,  deep  wounds  in  which  there  are  pockets.  If  the 
drainage  by  rubber  tubes  is  properly  managed  and  the  drains  removed 
at  the  right  time,  it  is  easy  to  prevent'  the  evil  consequences  which  the 
tubes  sometimes  cause,  such  as  necrosis  of  the  skin,  persistent  fistulse, 
etc.  With  a  view  to  diminishing  the  amount  of  secretion  in  the  wound 
it  is  very  important  that  the  same  should  be  irritated  as  little  as  pos- 
sible by  antiseptics.  Consequently  we  should  operate  by  the  aseptic 
method  and  keep  the  wound  dry. 

Eocher's  Substitute  for  Drainage.— Kocher  has  tried  to  dispense  with 
the  drainage  of  the  wound  by  covering  it  with  a  thin  layer  of  subnitrate  of 
bismuth.  The  latter  is  sprinkled  over  the  wound  in  the  form  of  a  one-per- 
cent, mixture  of  bismuth  in  water,  which  is  dropped  out  of  a  flask ;  or,  if 
there  is  bleeding,  compresses  impregnated  with  bismuth  are  applied  to  the 
wound.    The  wound  surface  is  so  much  dried  up  by  the  bismuth  that  the 
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secretion  is  almost  nil.    After  twelve,  twenty-four,  or  forty -eight  hours  the 
wound  is  closed  by  secondary  suture. 

8chede*8  Method  of  healing  under  a  Blood-dot— Schede  has  recently 
recommended  ''healing  under  a  moist  blood-clot" — e.  g.,  he  permits  a  cavity 
which  has  been  hollowed  out  of  a  bone  to  fill  with  blood,  closing  the  wound 
tight  by  suturing  the  skin  and  not  inserting  any  drain.  If  the  coagulum 
thus  formed  in  the  course  of  an  aseptic  operation  remains  aseptic,  it  will  be 
gradually  absorbed  and  its  place  taken  by  newly  formed  connective  tissue  or 
bone,  and  healing  will  occur  without  reaction.  I  think  this  method  deserves 
a  fair  trial ;  it  has  proved  of  service  to  me  after  operations  for  caries  and 
necrosis. 


CHAPTER  VIII. 


SUTURE   OF  THE   WOUND. 


Disinfection  of  the  wound  and  surrounding  parts  before  inserting  the  sutures 
of  the  soft  parts. — Needles,  needle  holders,  and  suture  materials. — Differ 
ods  of  suturing  the  wound  (interrupted,  continuous,  silver-wire  suti 
suture,  twisted  suture). — Removal  of  the  sutures. — Secondary  suture.— 
suture. — Subcutaneous  suture  of  nerves,  tendons,  muscles,  etc. — Union 
surfaces  in  bones  (bone  suture). — Suture  of  the  periosteum. — Nailing  i 
methods  of  uniting  the  surfaces  of  a  divided  bone. 

§  32.  Disinfection  of  the  Wonnd  before  inserting  the  Sntnres. 

arresting  the  hfiemorrhage  very  carefally  and  putting  in  the 

drainage,  the  wound  and  the  surrounding  parts  are  washed 

three-per-cent.  solution  of  carbolic  acid  or  1  to  1,000-5,000 

of  bichloride  of  mercury.     The  irrigator  (Fig.  103)  is  best  su 

this  purpose ;  it  is  made  of  metal — or,  better,  of  glass — with  b 

tube  provided  with  a 

able  tip  made  of  glass 

ber,  through  which  tl 

tion  flows.     A  warnir 

be  given  against  too  \ 

cleansing  of  the  woui 

antiseptics,  because  to 

irritation  is  produced, 

ensuing    secretion    fr( 

wound  will   be   increa 

irrigate  wounds  made 

an  operation  only  in  the 

in  which  there  is  the  po 

of  infection  having  occurred   during  the  operation.     Even 

wound  is  already  infected  and  pus  is  present  the  strong  antisep 

tious  should  be  avoided.     It  is  sufficient  to  cleanse  the  woui 

weak  solutions  or  sterile  salt  solution,  particularly  as  it  is  impoi 

really  disinfect  by  antiseptics  a  wound  that  has  become  infectei 

pathogenic  micro-organisms  present  in  the  tissues  are  not  killeil  1 
110 


Fio.  103. — Irrigator. 
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If  there  are  no  irrigators  at  hand,  clean  aseptic  sponges  or  gauze  pads 
may  be  soaked  fall  of  the  antiseptic  solution  or  sterile  water  and 
qoeezed  out  over  the  wound  and  adjoining  parts.  I  keep  the  wound 
as  diy  as  possible,  but  if  it  is  necessary  to  wash  out  the  wound  I  use 
sterile  water  or  salt  solution.  If  this  is  done  the  secretion  in  the 
wound  is  much  less  than  when  the  irritating  antiseptic  solutions  are 
used.  The  main  point  is  always  to  operate  with  perfectly  aseptic 
bands  and  instruments.  When  the  haemorrhage  has  been  arrested  and 
the  wound  treated  on  these  general  principles,  we  proceed  to  insert 
the  sutures. 

§  33.  The  XTnitixig  of  the  Soft  Parts^Snture  of  the  Wound. — In  all 
eases  in  which  we  wish  to  obtain  as  speedy  union  of  the  wound  as 
possible  {j>er  prima/m  irUentionern)  we  close  the  wound  by  suturing 
together  its  edges.  Suturing  should  always  be  carried  out  with  the 
ttme  regard  to  asepsis  as  was  had  in  the  operation  itself,  and  hence 
the  needles  and  the  sutures  must  be  previously  made  aseptic. 

i!'or  introducing  sutures  we  use  straight  and  variously  curved  nee- 
dles with  lance-shaped  points.     The  recently  introduced  platinum-iris 
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Fio.  104.— Needle  holders. 


needles  possess  the  advantage  of  not  oxidising,  and  they  can  be  heated 

red-hot  without  losing  their  original  temper.     Besides  the  ordinary 

needles  without  handles,  there  are  many  provided  with  handles  (I  only 

use  these  in  performing  uranoplasty  and  staphylorrhaphy).     Wlien  the 

needle  cannot  be  introduced  by  hand,  as  in  the  mouth  or  pharynx,  the 
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vagina,  etc.,  we  use  a  needle  holder.  Of  the  numerous  different  IdndB 
of  needle  holders,  those  worthy  of  mention  are  the  holders  of  Dieffen- 
bach,  Reiner  (Fig.  104,  a),  Eoux  (Fig.  104,  6),  Sims  (Fig.  104,  c\ 
Hagedom  (Fig.  104,  d\  and  others. 

Suture  MateriaL — Sutures  are  made  of  sterilised  silk,  linen  thread, 
catgut,  horse-hair,  sea-grass,  silkworm  gut  (from  the  chrysalis  of  the 
silkworm),  crin  de  Florence  (from  the  intestine  of  the  silkworm),  silver 
wire,  aluminium-bronze  wire,  etc.  Catgut  has  the  great  advantage 
over  silk  that  it  is  absorbable,  and  is  therefore  preferable  for  subcu- 
taneous or  buried  sutures — that  is,  suture  of  nerves,  tendons,  muscles, 
etc.  Moreover,  buried  catgut  sutures  are  the  best  for  uniting  a  rup- 
tured perinseum  ;  for  the  radical  cure  of  hernia ;  for  operations  on  the 
uterus,  bladder,  or  intestine  ;  and  for  operations  on  fistulsB.  If  catgut 
is  used  for  suturing  the  skin,  the  sutures  will  not  need  to  be  removed 
with  scissors,  but  after  about  four  to  seven  days  the  external  portion 
lying  over  the  line  of  the  wound  can  be  simply  picked  off  with  for- 
ceps, as  the  part  which  lies  buried  in  the  tissues  is  absorbed,  or  is  only 
very  weakly  attached  to  the  rest  of  the  suture.  On  account  of  this 
rapid  absorption  of  catgut,  it  follows  that  under  certain  conditions  cat- 
gut sutures  will  not  hold  the  borders  of  the  wound  long  enough  in 
apposition.  I  generally  use  fine  silk  in  suturing  the  skin.  The  prepa- 
ration of  a  satisfactory  catgut  has  been  described  on  pages  94-97. 
The  size  of  the  catgut  or  silk  suture  required  will,  of  course,  depend 
upon  the  kind  of  tissues  to  be  united  and  the  amount  of  tension. 
When  there  is  great  tension  strong  sutures  are  naturally  required,  be- 
cause fine  sutures  would  easily  cut  through. 

Silver  wire  should  be  made  smooth  before  use  by  passing  it 
through  a  flame  till  it  becomes  red-hot.  Silkworm  gut  is  excellent 
for  tying  off  the  pedicle  in  ovariotomy,  for  perineal  operations,  etc. 
In  place  of  silver  wire  I  have  been  using  of  late  Socin's  aluminium- 
bronze  wire,  which  is  cheaper,  more  pliable,  and  more  resistant  than 
silver. 

Sutures  made  from  the  Tendons  of  Reindeer,  Horses,  and  Deer.— Ratiloff 

uses  the  tendons  of  reindeer  for  suturing  wounds.  This  material  is  used  by 
the  Siberian  colonists  for  sewing.  Putilow  uses  the  tendons  of  horses  and 
deer.  The  strips  of  tendon  are  soaked  for  twenty-four  hours  in  ether,  and 
for  the  same  length  of  time  in  a  five-per-cent.  alcoholic  solution  of  carbolic 
acid.  The  strips  of  tendon  thus  prej)ared  are  said  to  be  stronger  than  catgut, 
as  soft  as  silk,  and  completely  absorbed  in  the  wound. 

The  Interrupted  Suture. — The  most  common  form  of  suture  is  the 
so-called  interrupted  suture  (Fig.  105).  This  is  introduced  with  straight 
or  curved  needles,  the  aseptic  catgut  or  silk  being  simply  knotted  in 
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}f  the  needle,  or,  better,  threaded  bo  ae  to  leave  two  long  ends, 
t,  especially  if  the  sutnre  is  of  lai^e  size,  interferes  with  draw- 
lye  portion  of  the  needle  through  the  ekin.  The  border  of 
id  is  seized  witli  a  toothed  fon-eps,  and  the 
B  pushed  through  first  one  edge  of  the 
tnd  then  the  other.  Both  edges  of  the 
an  be  pierced  at  the  eame  time,  provided 

held  together  hy  an  assistant.  The  knots 
e  placed  to  one  side  of  the  line  of  snture.  If 
nuch  tension  on  tlie  edges  of  the  wound  the 

surgeon's  knot  is  occasionally  used — tliat 
ids  of  the  suture  are  twisted  not  once,  but 
•out  each  other.  It  is  best  to  begin  the 
ot  at  the  ends  of  the  wonnd,  but  in  the 
especially  if  it  is  a  long  one;  and  at  the 
iserting  the  first  suture  care  should  be  taken 
the  borders  of  the  wound  in  good  apposition,  as  otherwise 
■me  folds  at  the  extremities  of  the  line  of  sutnre  may  result. 

different  kinds  of  sutures  are  classed  under  the  head  of 
:ed  sutures :  the  tension  suture  and  the  coaptation  suture. 
:  is  inserted  and  brought  out  anywhere  from  one  to  six  centi- 
roiD  the  edges  of  the  wound,  while  the  second  or  coapta- 
ire  is  shorter,  and  the  points  where  it  enters  and  emerges 

about  half  a  centimetre  distant  from  the  edges  of  the  wound 

e  sutures  by  which  correct  apposition  of  the  borders  of  a  long 
re  obtained  are  called  apposition  sutures.  In  every  suture  line 
«Bt  care  is  necessary  to  prevent  the  edges  of  the  wonnd  from 
r  inverted,  and  the  two  borders  must  lie  in  good  apposition 
h  other.  The  sutures  must  not  be  drawn  too  tight.  It  mast 
y  be  home  in  mind  that  the  successful  healing  of  a  sutured 
lepecds  upon  the  proper  insertion  of  the  sutures,  and  that 
iipplied  unskilfully  and  without  antiseptic  precautions  may 
to  serious  dangers.  An  erysipelas  which  may  cause  the  death 
itient  may  start  from  a  small  spot  of  necrosis  in  the  skin,  aris- 
laps,  from  a  portion  of  the  border  of  the  wound  which  has 
ed  in,  if  the  borders  of  the  wound  are  not  properly  placed  in 
■n  ;  or  it  may  start  from  a  small  stitch  abscess  produced  by 
rfectly  disinfected  needle  or  suture.  Disastrous  results  may 
rom  very  small  causes.  Furtherniore,  no  appreciable  cavity 
■e  allowed  to  remain  ;  and  hence  the  deeper-lying  parts  are 
3S  united  by  special  catgut  sutures  or  are  included  in  the  cuta- 
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neous  sutures.     "  Good  suturing,  good  healing,"  was  a  favourite  saying 
of  Nussbaum. 

Continuous  Suture. — Instead  of  the  ordinary  interrupted  suture  I 
frequently  use  the  continuous  suture,  and  usually  in  combination  Avith 
tension  sutures  (Fig.  106).  I  use,  whenever  it  is  possible,  needles  with 
lance-shaped  points,  of  the  same  size  as  the  ordinary  tailors'  needles. 
The  fine  suture,  which  should  not  be  too  long,  is  simply  knotted  in  the 
eye  of  the  needle.  The  number  of  tension  sutures  required  depends, 
of  course,  upon  the  length  of  the  wound.  The  tension  sutures  are 
inserted  in  the  usual  way,  and  then  the  continuous  suture  is  begun  at 
one  end  of  the  wound  by  making  one  ordinary  interrupted  suture ;  the 
thread,  however,  is  not  cut,  but  the  suture  is  continued  by  transfixing 
at  equal  distances  the  opposed  borders  of  the  wound,  which  are  held 

together  by  the  fingers.  When 
the  other  end  of  the  wound  ia 
reached  (Fig.  106,  a)  the  suture 
is  cut  with  scissors,  and  the  three 
threads  are  knotted  together 
like  the  ordinary  interrupted 
suture,  two  thripods  being  on 
one  side  of  the  wound  and  one 
upon  the  other.  The  suture  can 
also  be  finished  oflf  by  forming 
a  loop  through  which  the  ex- 
tremity of  the  suture  is  drawn. 
The  continuous  suture  has  the 
advantage  over  every  other  kind  of  being  capable  of  very  rapid  execu- 
tion, and  of  rendering  excellent  coaptation  of  the  borders  of  the 
wound.  If  the  wound  is  very  long  and  there  is  fear  that  a  single  con- 
tinuous suture  will  not  be  strong  enough,  the  suture  can  be  interrupted 
at  any  desired  part  of  the  wound,  and  from  this  point  a  fresh  continu- 
ous suture  can  be  begun  ;  or  it  can  be  given  greater  security  by  tying 
it  at  any  point  and  then  continuing.  But  when  the  precaution  of 
inserting  tension  sutures  is  taken  there  need  be  no  fear  that  the  con- 
tinuous suture  will  prove  at  all  untrustworthy  if  it  is  carefully  inserted. 
Catgut  is  ordinarily  the  best  material  for  the  continuous  suture,  and 
I  use  aseptic  silk  for  the  tension  sutures.  The  continuous  suture  is 
particularly  adapted  for  operations  on  the  peritonseum  and  the  gastro- 
intestinal tract,  and  for  the  buried  catgut  suture  in  operations  on  the 
vagina  for  prolapse  and  for  rupture  of  the  perinseum. 

Subcutaneous  Suture. — In  order  to  prevent  stitch-hole  suppuration  some 
surgeons  use  the  subcutaneous  suture,  which  consists  in  passing  the  needle 
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Fio.  108.— Letd 


tbiwigh  the  CuUs  parallel  to  the  surface,  as  the  purse-string  suture.  lu  this 
■nj  iLe  outer  layera  of  the  skin  and  Ihe  duct*  of  the  skin  glauds  which  eon- 
UintM(-l«Haare  not  penetratt^  by  the  needle.  The  ends  of  tlie  suture  are 
M  n[  esch  angle  of  the  wound  over  a  small  gauze  roll. 

Bilver-wirfi  SatnreL — If  silver  wire  is  used  for  suturing,  it  is  fas- 
tened to  a  straiglit  or  curved  needle  hy  simply  bending  over  one  eud 

of  liie  wire  after  it  is  threaded  througli 

tiw  uye.     Tie  silver-wire  suture  is  fae- 

teoed  in  place  by  exertiug  suitable  trac- 

liun  on  tlte  wire  and  then  simply  fwist- 

in^  together   its   croeeed  ends,  or  an 

instrament  portiealarly  designed  for  the 

pnrpose  may  be  used  (Fig.  1U7).     The 

(Tws-|)ioce  of  the  "wire  twister"  con- 

lainK  two  round  openings  into  which 

the  ends  of  the  wire  are  passed  after 
dwy  have  been  crossed  over  the  wound, 
and  then  by  rotating  the  instrument  the 
wires  are  twisted  around  each  other.  iiyhtenarr  i— ■— 

The  Bilver-wire  Suture  with  the  Lead  Plate.— A  form  of  tension  suture 
wiiii-L  hua  at  pniaeiii  souiewhul  guue  out  of  use  is  the  ailver-wire  lead-plate 
suture  used  for  clusiug  the  wound  after  abdouiinal  section  or  aniputatioD  of 
the  breast  Small  lead  or  glass  plates  are  required  which  are  perforated  in 
liH>  c«-ntrc  The  silver  wire  is  either  twisted  around  the  plate  (as  in  Fig.  108, 
rt).  or  fastened  to  pins  on  its  surface  (Fig.  loa,  6),  or  else  the  silver  wire  is 
iRwTted  in  a  small  lead  ring  which  is  pinched  together  with  forceps.  Glass 
u  also  be  used.  Tlie  end  of  the  wire  is  passed  twice  through  llie  bead 
and  ilniwn  tight,  then  through  the  lead  plate,  and  after  attaching  it  to  a 
imdiv  the  suture  is  inserted.  Upon  the  other  side  of  the  wound  the  wire  is 
fl™t  pKBwd  through  the  lead  plate,  then  through  one  or  more  gla.ss  beads. 
d  sfler  obtaining  the  proper  tension  the  wire  is  twisted  around  a  sterilised 

match  and  the  ends 
are  cut  short  with 
scissors.     It  is  a  very 

stead  of  silver  wire, 
a  double  silk  suture 
and  tie  the  two  ends 
on  each  side  over  a 
glass  bead,  only  one 
thrmd  pmaing  through  the  bend.  Pledgets  of  iodoform  gauze  can  also  be 
nard  ff»r  SM^uHng  the  ends  of  the  silver-wire  lead-plate  suture.  At  present  I 
b*r»>  given  up  this  kind  of  suture,  and  prefer  a  tension  suture  of  stout  sler- 
iltned  silk  inserted  some  distance  from  tlie  edge  of  the  wound.  The  latter, 
fnrlhermore.  is  more  quickly  inserted. 
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I  OthetUethodsofBntoring,— The  old-fiishioned  continuous  furriers  stitch, 

I  the  Uti  stitch,  and  the  looped  suture  are  useless  aud  out  of  date,  and  will  not 

t  be  described.     The  continuous  suture  which  I  have  described  ditfers  materi- 

fi  ally  from  the  continuous  f urrier's  stitch.    The  so-called  "  lijfure-of -eight "  or 

^^^^  twisted  suture  (Fig.  109)  1  ulso  consider  iinnecesHarj,  aud  nu  Jou^r  use  it. 

^^^^L  The  interrupted  suture  answers  the  same  purpose,  is  more  simply  inserted, 

^^^^H  and  is  better  for  tlie  tissues.     It  is  a)>ptied  in  the  fallowing  way :  The  edges 

^^^^f  of  the  wound  are  iranstixed  by  long  Carlsbad  iit«dlcs  some  disljince  apart 

■  About  the  ends  of  the  neeUlea  is  twisted  an  aseptic  silk  sutni-e  in  the  form  of 

f  a  circle  or  figure  of  8,  and  the  extremities  of  the  thread  are  knotted  together. 

L  The  sharp  ends  of  the  needle  are  clipped  off  with  a  Luer's  rongeur  forcejjs. 

^^^^  The  Removal  of  Saturei, — The  stitches  are  taken  out,  iu  the  majority 

^^^H  of  cases,  at  n\ty  time  irom  the  thirl  to  the  seventh  day,  accordiug  to  the 
^^^r  kind  of  wound.  We  frequently — for  instance,  after  plastic  operations 
P  on  the  face— take  out  a  atitcb  liere  and  there  at  the  end  of  twenty-fuiir 

I  hours;  but  in  other  cases,  on  the  contrary,  as  when  the  peritoneal  eav- 

1  ity  has  been  opened,  we  allow  the  stitches  to  remain  till  the  eighth  to 

I  the  fourteenth  day.     In  long  wounds,  and  in  those  in  whicli  there  is 

danger  of   the  agglutinated   borders  of  the  wound  separating  after 

removal  of  the  sutures,  the  latter  s-hotild  not  all  be  taken  out  at  the 
I  same  time.     The  tension  sutures,  particularly  at  the  extremities  of  the 

wound,  when  combined  with  the  continuous  suture,  should  be  taken 
I  out  first.     If  the  tension  sutureH  become  buried  in  the  akin — i.  e.,  "cut 

I,  ouf'^they  should  lie  removed  immediately.     Sutures  are  removed  by 

I  seizing  one  end  of  tlie  knot  with  dissecting  forceps  and,  while  slight 

'  traction  is  exerted,  cutting  off  tlie  suture  cloee  to  the  wound  and  eare- 

'  fully  drawing  it  out.     Care  must  l)e  taken  that  the  whole  suture  is 

removed.  If  catgut  has  been  used  it  is  imnecessary  to  cut  the  stitehee 
I  with  scissors,  as  the  portion  burned  in  the  tissues  is  absorbed,  and  only 

leaves  the  exposed  loop  of  catgnt  to  be  picked  off  the  skin  with  thumb 

forceps. 

Secondary  8utlire.^If  the  borders  of  tlie  wound  gape  after  removal  of 
'  the  stitches,  the  wotmd  can  be  reunited  by  a  fi-eah  suture  (secondary  suture). 

This  secondary  suture  is  very  much  iised — for  example,  in  wounds  which 
have  been  first  packed,  or  in  wounds  which  have  been  left  entirely  open 
'i  during  the  first  few  days,  or  in  deep,  granulating  wounds,  etc.    To  avoid  a 

repetition  of  the  ouustbesia  when  secondary  sutures  are  applied,  Nussbaum 
has  advised  that  the  secondary  suture  be  put  in  place  at  the  time  of  the  first 
operation.  For  example,  a  mattress  or  continuous  suture  should  be  inserted 
iu  advance  in  each  margin  of  the  wound,  and  liien,  later,  the  loops  of  these 
sutures  can  be  used  to  close  the  wound  by  passing  a  silk  thread  through 

Stitoh.-hole  Suppuration. — Rtiti^h-bole  absce-tses  are  caused  in  part  by  the 

bacteria  in  the  skin  and  cutaneous  g-lands  whose  presence  is  due  to  iiicom- 

I  plete  sterilisation  of  the  field  of  operation,  and  in  part  by  the  use  of  iion- 
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sterile  needles  and  sutures.  Inputting  in  buried  sutures/ the  latter  should 
Dot  be  too  numerous  nor  drawn  too  tight  as  necrosis  followed  by  suppura- 
tion may  easily  result  Catgut  sutures  made  from  poorly  prepared  material 
containing  toxines  may  cause  non-bacterial  suppuration.     (Poppert.) 

BloodleM  Sntnre. — The  bloodless  or  dry  method  of  suture  has  gone 
entirely  out  of  use.  The  Arabs  used,  for  closing  a  wound,  an  insect  (*Siea- 
ritfs pyrcemon)  whose  maxilla  terminated  in  a  small  hook.  The  borders  of 
the  wound  were  approximated  by  these  hooks,  the  body  of  the  insect  being 
removed  and  leaving  only  the  head  with  its  hooks.  Vidal  de  Cassis 
attempted  to  imitate  this  method  of  approximation  with  his  aerre-fine. 

The  suture  of  tendons,  nerves,  etc.,  is  described  in  the  third  section 
(§  SS,  Injuries,  Wounds),  and  suture  of  the  intestine,  bladder,  etc.,  is 
treated  in  the  text-book  on  Kegional  Surgery. 

§34.  The  Method  of  onitixig  Wound  Surfaoet  of  Bone. — The  snr- 
ftees  of  a  wound  in  a  bone  can  be  held  in  apposition  by  periosteal 
OTtares  only  when  small  bones  are  concerned.  A  suture  passed 
through  the  bone  itself  is,  of  course,  the  best.  The 
necessary  holes  are  made  through  the  bone  by  means 
of  the  dental  boring  machine  (Fig.  90,  p.  89),  the 
electromotor  (Fig.  91,  p.  90),  or  a  bone  drill  (Fig. 
110),  The  latter  is  worked  by  pushing  the  metal  spool 
on  the  instrument  up  and  down  and  thus  causing  the 
needle  to  rotate.  Heavy  catgut,  silver  wire,  or  alumin- 
inio- bronze  wire  are  used  as  suture  materials.  J. 
Heneqnin  (Rev.  de  Chir.,  August,  1892)  and  V.  Wille 
(Centrbl.  f  iir  Chir.,  1892,  p.  46)  have  recommended  a 
Tery  good  method  of  bone  suture.  Wille's  plan  con- 
fflsts  in  boring  a  hole  through  both  walls  of  a  hollow 
bone  and  dr^ging  the  silver  wire  through  it  by  means 
of  a  peculiar  "  suture  hook."  Dollinger  recommends 
1  method  of  bone  suture  without  making  holes  in  the 
bone.  He  winds  a  piece  of  wire  about  each  end  of 
the  broken  bone  and  then  fastens  the  bones  together 
bj  two  longitudinal  pieces  of  silver  wire  which  be 
•ttaches  to  the  circular  wires. 

Another  excellent  method  of  uniting  the  surfaces  of  a  wound  in 
ione  is  aseptic  nailing.  Long,  four-cornered  nails  are  used,  which 
are  first  very  carefully  polished  and  then  sterilised  by  boiling  in  a  five- 
)er-cent.  carbolic-acid  solution.  After  some  three  or  four  weeks  the 
Dosened  nails  can  be  easily  drawn  out  with  forceps  or  the  fingers  and 
ritbont  causing  the  patient  pain.  Of  course,  care  must  be  taken  that 
'je  nails  project  at  least  two  centimetres  beyond  the  level  of  the  skin. 
,ong  ivory  pegs  are  sometimes  used  instead  of  metal  nails;   but  I 


Fio.  110.— Drill  for 
boue  sutures. 
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have  found  that  ivory  pegs  are  not  so 'easily  removed  as  iron  im.&m 
as  the  outer  surface  becomes  rough  from  contact  with  the  tissue 
especially  bone.  The  ivory  pegs  become  decalcified  by  the  action  ^ 
the  carbonic  acid  in  the  tissues,  and  the  remaining  organic  portion  i 
dissolved,  thus  producing  small  pockets  and  cavities  into  which  tJL»4 
surrounding  bone  grows.  The  aseptic  nailing  together  of  the  surface?* 
of  a  wound  in  bone,  as  after  resections,  particularly  of  the  knee  an 
ankle,  in  fractures,  separation  of  the  epiphyses,  etc.,  is  entirely  devoi 
of  danger  if  the  operation  is  performed  with  the  strictest  antiseptics 
precautions. 

For  fastening  together  a  divided   bone,  as  in  separation  of  th^ 
epiphysis  at  the  upper  end  of  the  humerus,  Helferich  has  recommended 
long,  awl-like  steel  needles,  fitted  with  a  handle  which  unscrews.    Theeo 
are  made  to  slowly  bore  their  way  into  the  bone.     After  eight  to  four- 
teen  days  the  needles  are  removed. 

Special  clamp  apparatus  have  been  devised  for  uniting  bone  sur- 
faces (Gussenbauer,  Parkhill).     Screws  may,  for  example,  be  inserted 

into  both  fragments,  and  the  two 
projecting  ends  of  the  screws  con- 
nected by  some  form  of  clamp. 
Under  fractures  we  shall  become 
acquainted  with  Malgaigne's 
,     ,,        ,  hooks  and  Langenbeck's  screw. 

riQ.  111. —  Union  of  the  endjj  of  bones  by  y  j?  j?  -r^.     i       i 

inipiuntatiou.  in  cascs  01  iracturc  Bircher  mtf 

recently  introduced  the  practice 
of  inserting  an  ivory  peg  into  the  open  ends  of  the  medullary  cavity 
of  tlie  diapliysis,  and  of  using  ivory  clamps  for  holding  in  contact 
fractures  involving  the  epiphyses.  In  part  of  the  cases  the  wound 
healed  up  over  the  ivory  peg ;  in  sixteen  cases  (out  of  thirty -five)  the 
peg  had  to  be  subsequently  extracted. 

Another  method  of  uniting  bone  surfaces  is  illustrated  in  Fig. 
111.  The  somewhat  pointed  extremity  of  one  fragment  (the  femur)  is 
inserted,  for  instance  after  resection  of  the  knee,  into  the  medullary 
cavity  of  the  otiier  fragment  of  bone  (in  this  case  the  tibia). 

The  treatment  of  defects  in  bone  is  described  in  §  43  and  §  101. 


CHAPTER  IX. 

AMPUTATIONS,    DISAKTICULATI0N8,    AND   EE8ECTI0NS. 

Performance  of  amputations  and  disarticalations. — Subperiosteal  amputations  and  dis- 
articulations.—History  of  the  methods  of  amputation  and  disarticulation.— After 
treatment.— Bad  sequels.— Infection  of  the  wound. — Muscular  spasm. — Secondary 
Iwpmorrhage.— Gangrene  of  the  flaps.— Necrosis  of  the  stump  of  the  bone.— Coni- 
cal stump.— Neuralgia.— Neuromata.— Fatal  results.— Mortality  statistics.— Artifi- 
cial limbs. — The  methods  of  performing  resection. 

^  3d.  Oeneral  Connderations  in  perfinrming  Ampntations  and  Disartic- 

llitioBib — By  ajnputatioh  (from  ampiitdre,  to  cut  oflF)  is  UDderstood 
the  operative  removal  of  an  entire  portion  of  an  extremity.  If  a  limb 
i  severed  through  a  joint  the  operation  is  called  a  disarticulation,  in 
contradistinction  to  amputation,  in  which  the  portion  of  the  limb 
removed  is  cut  oflF  by  sawing  through  the  bone  in  its  continuity.  Am- 
putation is  not  confined  to  the  (Bxtremities  alone,  but  is  used  to  desig- 
nate the  removal  of  certain  portions  of  the  trunk,  like  amputation  of 
the  breast,  the  penis,  or  the  cervix.  We  shall  discuss  here  only  ampu- 
tations and  disarticulations  of  the  extremities. 

The  Indications  for  Amputation  and  Disarticulation  have  markedly  de- 
creased in  modern  surgery,  which  leans  more  and  more  towards  conserva- 
tive methods  of  treatment.  With  the  aid  of  the  antiseptic  methods  we  are 
iiow  often  able  to  save  a  limb  which  formerly,  in  the  preantiseptic  era,  would 
have  fallen  a  prey  to  the  mutilating  effects  of  amputation  and  disarticulation. 
We  shall  entirely  omit  a  detailed  description  at  this  point  of  the  indicatii^is 
'or  amputation  and  disarticulation,  as  there  will  be  opportunity  enough  for 
Iiscu5ising  this  subject  when  we  take  up  special  diseases  and  injuries.  It  is 
ufficient  to  state  here  that  these  operations  are  indicated  in  all  diseases  and 
rijuries  of  the  extremities  which  threaten  to  destroy  the  whole  limb  or  the 
ife  of  the  patient,  and  hence  in  (1)  extensive  injury  to  the  soft  parts  and 
•one  wbich  precludes  the  possibility  of  saving  the  extremity  in  question,  or 
enders  the  physical  condition  of  the  patient  such  that  he  cannot  withstand 
long  confinement  to  bed,  or  in  consequence  of  which  the  extremity,  if 
fiared.  would  be  useless  :  or  (2)  in  extensive  inflammation  or  disease  of  the 
xtremity  which  would  render  it  completely  incapable  of  performing  its 
unctions,  or  w^hich  threatens  the  life  of  the  patient.  Under  the  latter  head- 
3g  come  extensive  gangrene,  malignant  new  growths,  irreparable  injuries 
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to  bones  and  joints,  large  ulcers,  spreading  (septic)  intermuscular  suppura- 
tion with  threatening  systemic  infection,  etc.  Under  the  separate  injuria 
and  diseases  we  shall  refer  again  to  the  indications  for  amputation  and  dis- 
articulation.   At  present  the  general  suggestions  just  made  will  be  sufficient 

"Wlien  an  amputation  and  when  a  di^artieulatian  shoald  be  per- 
formed are  questions  which  in  general  depend  upon  the  nature  of  tbe 
case  in  hand  and  the  location  of  the  injury  or  disease.  We  shall  did- 
cuss  tliis  more  fully  in  the  Regional  Surgery.  Formerly,  in  the  pre- 
antiseptie  days,  disarticulation  was  performed  more  frequently,  u  it 
dispensed  with  the  dreaded  opening  of  the  medullary  cavity.  In  fact, 
there  were  surgeons  who  went  so  far  as  to  give  jip  amputations  for 
this  reason  and  performed  only  disarticulations.  Since  the  introduc- 
tion of  the  aseptic  method  of  operating  this  consideration  is  no  longer 
thought  of.  At  present  the  question  whether  amputation  or  disartico- 
lation  is  better  for  any  particular  case  is  usually  decided  by  practical 
considerations.  Both  forms  of  operation  are  practised,  and  amputation 
or  disarticulation  is  decided  upon  according  to  the  circumstances  in  each 
individual  ease.  In  general,  amputations  are  performed  much  more 
frequently  than  disarticulations,  because  the  former  can  be  carried  ont 
at  any  part  of  the  extremity^  while  the  latter  are  confined  to  the  joints. 

The  method  of  dividing  the  soft  parts,  particularly  the  skin,  is  prac- 
tically the  same  in  both  operations.  The  soft  parts  must  be  divided  in 
such  a  way  as  to  form  a  good  covering  for  the  bone  stump.  We  dis- 
tinguish three  principal  forms  of  incision — (1)  the  circular,  (2)  the  flap^ 
and  (3)  the  racket-shaped  incision. 

§  36.  Ctoneral  Considerations  in  regard  to  Amputationi. — The  field  of 
operation  is  carefully  cleaned  throughout  its  whole  extent  with  soap 
and  a  brush,  sliaved,  and  then  disinfected  with  •a  three-  to  five-per- 
cent, solution  of  carbolic  acid  or  1  to  1,000  bichloride.     The  patient  is 
placed  in  a  convenient  position,  and  a  particular  duty  is  assigned  ta 
each  assistant.     The  operator  stands  so  that  the  limb  to  be  operated 
upon  will  fall  to  his  right.     We  operate  in  all  cases,  if  possible,  with 
the  assistiince  of  Esmarch's  artificial  ischsemia,  described  in  §  19.    Dur- 
ing the  operation  all  the  rules  of  antisepsis  must  be  strictly  observed 
by  the  operator  and  his  assistants ;   no  unclean  finger  or  instrument 
should  come  in  contact  with  the  wound.     The  knife  as  well  as  the  saw 
should  be  used  carefully  and  gently,  and  care  should  be  taken  not  to 
bear  down  too  liard  on  the  instruments.     Violent  manipulation  and 
compression  of  the  soft  j)arts  are  to  1)0  avoided,  as  well  as  too  vigorous 
rubbing  of  the  wound  witli  s{)onge8  or  compresses.     In  fact,  sponging 
can  be  almost  entirely  disi)ensed  with  when  Esmarch's  artificial  ischse- 
mia  is  used. 
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lar  Divifion  of  the  Soft  Parts  by  a  Single  Stroke  (CeleuB, 

le  soft  parts,  having  been  drawn  up  by  the  hands  of  an 

re  divided  circularly  down  to  the 
single  stroke  of  the  amputation 
112)  held  at  right  angles  to  the 

limb  (Fig.  113).  The  size  of  the 
knife  should  depend  upon  the 
the  limb.     The  knife  is  grasped 

d  fist,  the  hand  passed  under  the 

lie  incision  is  begun  with  the  part 

nearest  the  handle,  which  is  placed 

rtion  of  the  surface  of  the  limb 

8  the  operator   (Fig.   113).     The 

n  drawn  around  the  entire  circum- 

he  limb,  dividing  all  the  soft  parts 

e  bone.     I  think  it  is  easier  and 

egin  the  incision  with  the  knife  in 

igled  position,  point  upwards,  on 
the  limb  which  faces  away  from 

r.     The  knife  is  then  carried  with 

otion  around  about  two  thirds  of 

erence  of  the  limb,  dividing  all  the 

lown  to  the  bone.     Starting  from 

ng  of  this  incision,  the  knife  is  car- 
reverse  direction,  dividing  the  soft 

le  side  of  the  limb  facing  the  operator.     After  division  of 

rts  the  bone  is  sawed  through.     Then  the  cylinder  of  the 

soft  parts  is  drawn  up 
on  the  l)one  stump  by 
an  assistant,  while  the 
operator  grasps  the  ex- 
tremity of  the  bone 
stump  with  Luer's  or 
Langenbeck's  bone 
forceps  (Figs.  83,  rf, 
and  85),  and  elevates 
or  pushes  back  the 
periosteum  by  means 
of  a  periosteal  elevator 
(raspatory.  Fig.  79)  a 

lal  to  about  half  the  diameter  of  the  limb.     At  this  )>oint 
again  sawed  through,  thus  allowing  the  cylinder  of  soft 


Fio.  112.— Amputation  knives. 


Fio.  118.— Circular  mutliod. 
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Fi«.  114, 
Cutlinc. 


Fig.  115.— Division  of  a  bone  bv  the  saw. 


parts  to  completely  cover  the  stnmp  of  bone  and  the  edges  of  the  slda 
to  l)e   united,  usually  in  a  transverse  line,  without  tension  on  the 
sutures.     This  separation  of  the  periosteum  is  really  unnecessary,  and 
I  regard  it  as  a  useless  complication  of  the  operation.     It  is  simpler  to 
dissect  off  the  muscle  from  the  bone  on  all  sides,  or  to  cot 
out  a  cone  in  the  muscles  before  sawing  through  the  bone. 
In  amputations  of  extremities  containing  two  bones,  such  as 
the  leg,  the  forearm,  the  metacarpus  and  metatarsus,  the  mas- 
cles  and  soft  parts  lying  between  the  bones  must  be  divided 
before  sawing  the  bones.     For  this  purpose  a  small,  pointed, 
double-edged  knife,  sometimes  called  a  catline,  is  best  (Fig. 
114).     This  knife  is  inserted  in  the  space  between  the  bones 
and  the  soft  parts  are  divided  by  cutting  first  with  one  edge 
against  one  of  the  bones  and  then  with  the  other  edge  against 
the  other  bone.     This  procedure  is  then  repeated  by  inserting 
the  knife  from  the  opposite  side  into  the  space  between  the 
bones.     Instead  of  the  two-edged  knife,  a  small  scalpel  can 
be  used  for  this  purpose.     After  dividing  the  soft  parts  in 
the  8|)ace  l>etween  the  bones  and  laying  the  bones  free,  the 
latter  are  sawed  in  such  a  way  that  the  division  of  both  is 
completed  at  the  same  time.     Thus,  in  amputations  of  tlie 
leg  the  tibia  is  first  sawed  about  three  quarters  through  before  one 
begins  to  saw  the  fibula,  and  then  both  are  completely  sawed  through 
at  the  same  time. 

For  sawing  the  l)ones  in  amputations  it  is  best  to  use  the  bow  saw 
(see  page  88,  Fig.  86,  J,  c)  in  the  way  illustrated  in  Fig.  115— i.  e.,the 
saw  is  placed  close  to 
the  soft  parts,  at  right 
angles  to  the  thumb  of 
the  left  hand,  which 
is  placed  upon  them. 
To  prevent  injury  to 
the  soft  parts  they  are 
retracted  by  a  split 
aseptic  compress  (Fig. 
IK))  or  the  hand  of 

an  assistant.    The  distal  portion  of  the  limb  is  held  by  an  assistant,  and 
allowed  to  drop  a  little  as  the  sawing  ])rogresses,  so  that  the  saw  does 
not  iKJcome  janiined.     If  projecting  spicules  of  bone  remain  after  the 
sawing  is  completed  tlicy  must  be  cut  or  smoothed  off  by  bone  shears 
or  forceps,  or  the  metacarj)al  siiw  or  chisel  may  be  used  for  this  pur- 
pose, as  for  I'cinoving  the  anterior  projecting  border  of  the  tibia. 


ll 
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On  iMjcoont  of  the  rapidity  with  which  it  could  be  done,  the  circu- 
lir  inelhod.  performed  with  one  sweep,  usetl  to  lie  much  employed 
■hen  operations  were  carried  out  without  autEstheaia,  but  at  the  ])reeent 
nme  it  is  lees  often  used.  lu  fact,  it  is  little 
cuited  fur  extremities  having  powerful  mus- 
cles, for  it  provides  a  more  or  less  iusufiicient 
eoTering  of  soft  parte  and  of  skin  for  the  lione 
Mump,  and  therefore  is  conducive  to  the  for- 
natioD  of  the  so-called  conical  stump.  But, 
on  the  otlier  hand,  thin  method  is  a  jierfectly 
proper  one  for  performing  amputations  on 
diililreii  and  thin  subjects,  particularly  in  the 
ace  of  limits  containing  only  one  bone. 

IL  Circular  Method  of  dividing  the  Soft 
?litiat  Two  Different  Levels,— Au  incision  is 
ctrried  circularly  around  the  limb  through 
ibeskin  down  to  the  fascia.  The  skin  is  then  drawn  up  by  an  assistant, 
wliiJe  it  b  freed  froui  the  subjacent  parts  by  carrying  a  knife,  held  at 
I^ht  angles  to  the  axis  of  the  limb,  circularly  around  the  latter  at  the 
ti^  of  the  ekin,  cutting  down  to  the  fascia  (.Fig.  117),  or  by  dia- 
KCting  the  skin  and  subcutaneous  tissue  from  the  deeper  tissues  by 

means  of  a  scalpel. 
When  the  skin  has 
been  thus  sufficient- 
ly  freed   from  the 
fascia  it   is   turned 
hack  in  the  form  of 
a  caff,  the  length  of 
which  should  equal 
about   half  the   di- 
ameter of  the  limb. 
A  circular  incision 
through  all  the  soft 
parts   down  to  the 
bone  is  then  made 
dose  to  the  attached  edge  of  the  cntaueoiis  cufF,  and  the  bone  is  then 
"  ill  the  manner  already  described.     Here  also  it  is  a  good  plan  to 
the  muscular  insertions  from  the  Itone  for  a  sljort  distance  to 
.  sufficient  covering  for  the  stump, 

Funnel 'shai>nl  Method. — The  so^ialled  funuel-shaped  metliod  of  divid- 
ing  l)i<!  wfl  imrU  (AtiiTisiini  is  only  a  niodincalinn  of  the  method  just 
dMt-nboU-     The  skin    is    first   divided   circularly,  and  t)ie  knife  is  then 
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applied  at  the  margin  uf  the  retmcted  skin,  having  its  edge  directed 
obliquely  upwards  and  at  the  same  time  towards  the  bone,  in  which  direc- 
tion it  is  carried  throagh 
the  muscles  down  to  tbe 
bone.  Id  this  way  a  coa- 
ical- shaped  wound  «ar> 
face  ia  made,  with  its  spec 
towards  the  upper  eodol 
the  bone. 

III.  The  Flap  Methods. — Tlie  flap  metbods  vary  in  the  thicknei^ 
shape,  and  length  of  the  tlape.  At  the  preseot  time  ^p6  are  genenllj 
made  to  consist  onl;  d 
skin,  or  skin  and  Bub- 
cDtaneouB  tissue,  w  it 
is  well  known  that  the 
mnBcIes  in  tiie  flap  cor- 
ering  the  bone  stnnip 
Bubeeqnently  dieappetr 
entirely  by  fatty  degm- 
eration.  Bat  it  isao  ex- 
cellent plan  to  fashioa 
flaps  of  both  cataM- 
ouB  and  mnscnlar  tims 
whenever  the  ekin  ia  very  thin  and  badly  uouriahed.  The  shape  wl 
position  of  the  tlape  vary  very  much,  though  anterior  and  posterior  flap* 
are  osually  made  either  i 
of  equal  length,  or  ft  j 
long  anterior  and  short 
posterior  flap  are  ni«l^ 
in  oMer  that  the  sntan  ' 
line  shall  come  to  lis 
more  posteriorly. 

The  incision  for  the 
cutaneotte  flaps  maybe 
made  in  the  same  mj 
as  in  the  circular  method 
of  amputating  in  two 
stages  JQst  described, 
and  then  longitudiit&l 
incisions  some  Ave  or 
six  centimetres  long  are 
nijiiie  oil  the  inner  and  outer  aKpect  of  the  extremity,  thus  forming 
two  cutaneous  flaps  of  ecjual  length,  an  anterior  and  a  posterior.     These 


a  Hup  of  EkiD 
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intbeii  freed  from  the  faacia  and  turned   back.     The  muscles  are 

divided  St  the  point  where  the  cutaneous  Haps  are  turned  back,  just  as 

in  the  circular  method  of  amputating  in  two  stages.     Another  wav  in 

to  form  two  eeinilunar-shaped  skin  flaps,  either  in 

fiwit  and  behind  or  laterally,  using  a  large  scalpel 

with  ft  blade  convex  on  the  edge.     The  flaps  of 

tkiit  are  di^eected  from  the  fascia  and  turned  back 

{fig.  US). 

Another  good  plan 

ii  to  nuke  a  long,  semi- 

Imar- shaped    anterior 

flipof  ekiu  with  a  email 

posterior  flap  (Fig.  119). 

The   former    must    be  _     „ 

long  enough   to   cover 

the  entire  cut  surface  like  a  curtain.     The  overhanging  anterior  flap 

itmade  in  the  simplest  way,  by  cutting  an  anterior  semiluuar-sliaped 

ntuieons  flap  and  freeing  it  from  the  subjacent  parts.  The  base  of 
the  flap  should  be  equal  to  about  half  the  circumference  of  the  limb, 
uil  its  length  should  equal  its  sagittal  diameter.  A  eimilar  but  smaller 
nitaoeous  flap  is  then  cut  from  the  posterior  half 
of  the  circumference  of  the  limb  and  dissected 
from  the  fascia. 

A  very  simple  way  of  carrying  out  this  methi>il 
of  amputation  by  a  long  anterior  flap,  after  the 
htter  has  l>een  cut  and  turned  back,  is  to  divide 
the  skin  on  the  posterior  portion  of  the  circuui- 
ferenee  of  the  limb  by  a  single  circular  sweep  of 
the  knife.  The  posterior  flap  is  then  dissected 
btck  from  below  upwards,  as  usual,  by  etrokes  of 
the  knife  held  at  right  angles  to  the  axis  of  the 
limb,  and  the  muscles  are  then  cut  circularly  by 
Aiingle  sweep  of  the  knife  (Fig,  120). 

Some  surgeons  prefer  to  include  the  fascia  in 
the  skin  flaps,  freeing  skin  and  fascia  together 
from  the  underlying  muscles,  as  they  believe  that 

the  skin  flaps  are  better  nourished  in  this  way  by         of  tiir  «nuud  i»  iwen 
the  extensive  network  of  vessels  lying  between         ih»  mimonrpus. 
the  skin  and  fascia,  particularly  if  the  portion  of 

■kin  in  question  is  loosely  attached  and  thin.  I  do  not  like  these  flaps 
of  combined  skin  and  fas<'ia,  and  agree  with  Oberst  that  the  fascia,  on 
weonot  of  its  poor  blood  supply,  especially  if  the  conditions  for  oir- 


□f  Uia  Diiiliili:  Su^rvr: 
1,  enauwir  tundnD;  3. 
floxor  icnilon  uid  nett 
by  the  two  li^Bied  dla- 
ital   urtciiva    «nd    the 
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cnlation  are  aDfarciurable,  ie  liable  to  necroee  and  so  interft 
primary  uiiioD.  I  think  it  better  to  form  cutaueous  flaps  witl 
fascia.  If  tlie  skin  is  not  suitable  for  making  flape  on  account' 
too  thin,  I  prefer  the  circular  method  of  amputation,  carrying  t' 
to  the  bone  in  one  sweep,  or  the  method  in  which  the  flape 
buth  skin  and  muscular  tissue. 

The  formation  uf  flaps  conBisting  of  both  skin  and  mnscult 
is  not  at  present  so  mnch  in  vogue  as  formerly.  The  wound 
is  too  large,  the  flaps  are  too  heavy,  and  the  vessels  are  usu 
obliquely.  These  flaps  are  formed  either  by  cutting  from  wit 
wards  (Fig,  121),  or  in  the  reverse  direction,  from  within  oi 
by  means  of  transfixion.  In  the  latter  method  a  double-edged 
inserted  close  to  the  bone,  at  the  base  of  the  flap  to  be  furme 
the  knife  is  carried  with  a  sawing  motion  obliquely  downwa 
outwards.  All  transfixion  methods  are  bad,  because  the  vei 
often  wounded  or  divided  iu  two  difEerent  places.  It  was  f 
used  very  often,  when  operations  had  to  l>e  performed  rapidly 
auKSthesia. 

IV.  The  Oval  or  Backet  Ineinon  (Fig.  123).— This  is  a  com 
l>etween  the  single  circniar  sweep  of  the  knife  and  the  flap 
It  is  cliiefly  used  for  disarticulating  fingers  and  toes,  but  it  it 
made  use  of  in  amputating.  It  is  really  an  obliquely  place 
lar  amputation — i.  e.,  two  la 
cisions  are  made,  which  m 
sharp  upward  angle  on  tlie 
the  limb,  and  in  a  slight  do 
curve  on  the  front. 

The  Treatment  of  An 
Woundi. — Haemorrhage  aft( 
tatioii  is  arrested  by  seizii: 
nitely  all  the  divided  vessi 
arteries  and  veins,  in  the  I 
stump  with  self-locking  hje 
clamps  and  then  ligating  th< 
catgut  or  aseptic  silk  (Fij 
To  find  the  small  muscular  I 
in  the  surface  of  the  bloodies 

ri'l.    IM.— I.IBlllliill  "I    nil'    VfWl-ls    HI    Hll  1  1    1      I.     .1 

uii>i>utini»ti  >'iiiiiir>.  one  i>nnuld  follow  the  muK 

terspHces,  where  the  vesseh 

discovered  and  gras]M?d  with  dainpw.     If  any  vessel  cannot  l>i 

out  or  isolated,  it  slioiiM  be  «e<rured  by  passing  a  sharply  curve 

carrjing  a  catgut  suture  through  the  soft  parts  around  the 
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TCMel  (pf*^  98,  Fig.  95).  The  suture  is  then  tied  so  as  to  indude  tbe 
wft  parts  and  tbe  vessel.  Small  vessels  can  be  closed  by  torsion,  as 
deterilied  in  §  28.  After  all  the  vessels  in  sight  have  been  ligated,  the 
Euoaix^h  elastic  toumicjuet  is  removed,  while  the  amputation  wound  is 
elevated  and  pressure  exerted  upon  it  by  aeeptic  Bi>onges.  Pressure 
lutio^  a  couple  of  minutes  is  tbe  best  means  of  arresting  the  ensuing 
pucnrtivmatoas  hemorrhage,  whicli  is  very  apt  to  be  considerable  im- 
neiUHleiT  after  the  removal  of  the  Esiuarch  tourniquet,  on  account  of 
Ibevawmolor  paralysis  that  it  causes. 

Wbeo  the  hieniorrhage  has  been  very  carefully  arrested  the  large 
Dure  trunks  are  drawn  out  of  the  wound  and  cut  oS  with  scissors,  to 
pnteiit  the  possibility  of  any  subsequent  neuralgia  or  tbe  formation  of 
•npntation  neuromata.  After  this  the  wonnd  is  disinfected,  together 
wifli  the  parts  surrounding  it,  by  irrigation  with  a  1  to  1,000-5,000 
twliloride  solution,  or  a  three-per-cent.  solution  of  carbolic  acid,  euit- 
ihly  drained,  and  its  margins  are  united  by  sutures.  If  the  asepsis  has 
btCD  perfect  throughout,  there  is  no  necessity  of  antiseptic  irrigation 
of  the  woand,  as  this  only  causes  irritation  and  increases  tbe  subse- 
quent discbarge  from  the  wound.  It  is  sufficient  to  wash  out  the 
Tound  with  a  sterilised  seven -ten  ths-per-cent.  solution  of  common  salt 
ornmple  warm  boiled  water.  The  drainage  tubes  are  fastened  to  the 
tkin  by  tt  suture,  one  tube  being  genenilly  placed  in  tbe  posterior  flap, 
■Dd,  when  necessary,  others  are  piace<[  in  the  angle  of  the  wound  at 
eich  ode  l§  31).  The  wouud  is  closed  (g  33)  by  inserting  several  in- 
lernipte<l  tension  sutures  and  then  a  continuous  catgut  suture.  Great 
are  inntit  \te  taken  in  inserting  the  sutures.  They  should  be  even, 
aod  hold  the  margiu  ()f  tlie  wonnd  in  perfect  apposition.  All  drawing 
ukI  tension  must  Iks  avoided.  Neiiber  recommends  the  use  of  several 
TuvB  of  sutures  for  closing  an  amputation  wound.  He  sutures  first  the 
periosteum,  then  the  muscles,  and  finally  the  skin,  and  thus  avoids  the 
fonuaHon  of  any  pockets.  According  to  my  ideas,  this  form  of  sutur- 
ing is  unnecessaft'  and  even  bad.  and  I  have  found  that  an  aseptic 
dressing,  applied  bo  as  to  exert  suitable  pressure,  is  entirely  sufficient 
to  prevent  the  formation  of  pockets.  Crede  dispenses  with  both  drain- 
age and  suturing  in  amputation  wounds,  and  obtains  primary  union 
timply  by  compression  of  tbe  wound  with  the  dressings.  I  have  tried 
Ihie  method  and  found  it  very  satisfactorj*. 

An  lUtr-fitSi'  I'nitt-vtive  covennf/  which  exerts  moderate  pressure  is 
the  most  suitable  form  of  dressing  for  «mputatiou6.  The  stump,  after 
tpplication  of  the  dressing,  is  placed  in  a  slightly  elevated  position, 
and  loft  for  the  time  being  uncovered,  so  that  any  secondary  luemor* 
mar  l>e  recognised  at  once. 
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Subperiosteal  Amputatioili. — Oilier,  particularly,  has  upheld  subperiosteal 
amputations,  reasoning  from  the  results  obtained  from  experiments  made  on 
animals.    He  makes  a  flap  from  the  periosteum  to  promote  primary  union 
of  the  deeply  lying  parts,  and  to  prevent  inflammatory  complications  from 
occurring  in  the  medullary  cavity.    But  when  this  method  is  used  on  man 
the  results  are  not  so  good  as  the  experiments  on  animals  would  seem  to 
indicate.    At  present  Oilier  has  himself  given  up  periosteal  flaps,  and  e?en 
considers  them  harmful  in  children,  on  account  of  the  tendency  to  farm 
osteophytes.    Bruns  has  recently  recommended  the  employment  of  the  sub- 
periosteal method  for  amputation  of  the  leg.    It  possesses  the  advantage  here 
of  preventing  gangrene  of  the  flaps.    Subperiosteal  disarticulations  can  be 
highly  recommended  (see  Disarticulations).    In  order  to  obtain  a  stump  that 
would  support  better  the  weight  of  the  body  Bier  used  to  make  an  artificial 
foot  by  turning  up  the  end  of  the  tibia  (see  Regional  Surgery),  and  for  the 
same  purpose  he  now  covers  the  wound  surface  with  a  pedunculated  peri- 
osteum bone  flap  from  the  tibia  (see  Regional  Surgery).    The  stump  of  the 
tibia  may  also  be  covered  with  a  flap  from  the  flbula  (Lanz). 

Amputation,  with  Scraping  Out  of  the  Diteaied  Medullary  Cavity.— In 
diseases  of  the  marrow  of  bone,  such  as  suppurative  osteomyelitis,  Eonig 
and  Stoll  have  performed  amputation  accompanied  by  scraping  oat  the 
marrow,  and  have  obtained  good  results.  In  this  way  disarticulation  at  the 
joint  above  can  be  avoided. 

§  37.  The  Kethod  of  performing  Diaarticulationa. — The  technique 
is  in  the  main  the  same  as  for  amputations.  The  method  bj  circular 
incisions  at  two  levels,  with  turning  back  of  a  cutaneous  cuff,  can  be 
used,  or  flaps  may  be  cut  of  skin,  or  skin  and  muscular  tissue  combined,  j 

In  disarticulations,  a  long  anterior  overhanging  flap  and  a  smaD  *! 
posterior  one  are  much  used,  and  are  made  as  described  above  (Figs,  j 
119,  121).  In  disaitieulations  at  the  ankle  or  medio-tarsal  joint,  (^  ' 
of  the  fingers  or  toes,  the  posterior  flap  can  be  make  the  larger.  For  -; 
disarticulation  at  the  small  joints  of  the  fingers  or  toes,  especially  ih6 
metatarso-  and  metaearpo-phalangeal  joints,  the  racket  incision  is  very 
often  used  (Fig.  122). 

After  dividing  the  overlying  soft  parts  in  the  form  of  skin  flaps,  or 
flaps  of  skin  and  muscular  tissue  combined,  or  after  making  the  circular 
incision  in  two  stages  and  turning  back  the  cutaneous  cuff,  the  ligaments 
of  the  joint  are  made  tense  and  the  joint  opened.  Whenever  it  is  neeea- 
sary,  any  prominent  part  entering  into  the  formation  of  the  joint  can  ba 
cut  away ;  and  it  is  sometimes  best  to  extirpate  the  synovial  membrano 
completely,  in  order  to  obtain  a  wound  surface  to  which  the  cntaneoae 
flaps  may  unite  more  rapidly.  The  details  for  performing  disarticnla* 
tions  are,  in  general,  precisely  similar  to  those  for  amputations. 

For  the  method  of  performing  disarticulation  on  particular  jointB^ 
as  well  as  the  various  amputations,  the  reader  is  referred  to  the  text- 
book on  Regional  Surgery. 
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Subperiosteal  Diearticiilation. — Oilier,  especially,  has  recommended  the 
regular  use  of  subperiosteal  disarticulation.  OUier's  description  is  as  fol- 
lows: The  same  incision  is  made  as  for  resection  of  the  particular  joint 
in  question  (see  §  40),  dividing  at  the  same  time  both  capsule  and  perios- 
teum. By  means  of  a  raspatory  the  periosteum  is  elevated  from  the  bone 
and  pushed  aside  from  the  joint,  together  with  such  muscular  insertions 
IS  are  present ;  the  head  of  the  bone  is  then  enucleated,  and  the  soft  parts 
eat  transversely  to  the  axis  of  the  limb.  Extensive  new  formation  of  bone 
has  been  observed  after  subperiosteal  disarticulation,  not  only  in  animals, 
bat  also  in  man  in  early  life.  This  is  especially  true  of  subperiosteal  dis- 
articulation and  amputation  through  the  upper  end  of  the  metatarsus  or 
metacarpus,  and  also  after  disarticulation  at  the  tibio-tarsal  joint  with 
preservation  of  the  periosteum  of  the  os  calcis.  New  bone  has  been  seen 
to  develop  within  the  hip  joint  after  subperiosteal  disarticulation  of  the 
head  of  the  femur.  This  new  bone  was  movable  within  the  joint  and  gave 
support  to  the  stump.  The  subperiosteal  and  subcapsular  shelling  out  of 
the  bone  is  probably  of  most  use  in  cases  of  disarticulation  for  gunshot 
injuries. 

Eiltary. — During  the  middle  ages  and  until  the  close  of  the  sixteenth 
ttDtury  amputations  were  done  in  the  most  horrible  ways,  on  account  of  the 
inefficient  methods  then  in  vogue  for  arresting  haemorrhage,  and  usually 
ended  fatally.  The  bleeding  was  checked  by  encircling  the  member  to  be 
operated  upon  with  a  strong  rope,  or  the  red-hot  iron  was  used ;  boiling  oil 
was  poured  over  the  wound,  or  the  operation  was  performed  with  red-hot 
knives.  Permanent  constriction  of  the  limb  and  caustics  were  also  some- 
times used.  The  technique  was  very  greatly  advanced  by  the  introduction 
of  the  ligature  of  vessels  by  Ambrose  Pare  and  his  followers  (1659-1692),  and 
ifter  this  by  the  invention  of  the  tourniquet  by  Morel  (1674).  The  ligature 
of  vessels  for  arresting  haemorrhage  had  been  well  understood  by  the  sur- 
geons of  antiquity,  and  was  in  general  use  in  the  time  of  the  Roman  Empire. 
The  ligature  was  afterwards  entirely  forgotten,  as  has  been  mentioned,  and 
was  later  rediscovered  by  Pare. 

In  more  recent  times  amputation  was  occasionally  performed  by  the 
eeraseur  (Chassaignac),  the  galvano-cautery  (Bruns),  and  the  elastic  ligature 
(Dittel).  But  now  all  these  methods  have  become  simply  matters  of  history 
lince  the  introduction  of  antiseptics. 

§  38.  The  After-treatment  of  Amputations  and  Di8articiilation& — The 
ifter-treatment  of  amputations  and  disarticulations  is  very  simple  if  no 
fever  occurs  and  the  wound  runs  a  normal  course  in  healing.  The 
fort  dressing  should  not  be  disturbed  till  the  time  arrives  for  removing 
the  drains — i.  e.,  till  the  second,  third,  or  fourth  day,  according  to  the 
«ze  of  the  wound.  Some  of  the  stitches  are  also  taken  out  at  the  same 
time.  Then  the  second  dressing  is  applied,  and  it  is  often  the  last.  If 
fever  occurs,  or  if  the  patient  complains  of  pain,  the  dressing  should 
be  changed  earlier. 

For  the  details  of  treating  the  patient  who  has  been  operated  upon, 

reference  is  made  to  §  22. 
10 
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Bad  Seralta — Since  the  introdnction  of  the  present  antiseptic  method 
of  operating  and  treating  wonnds  the  immediate  bad  results  which  ha?e 
been  observed  to  follow  amputations  and  disarticolations  are  infrequent 
It  is  generally  expected  that  healing  will  take  place  without  any  reac- 
tion. The  occurrence  of  wound  infection — such  as  suppuration,  pye- 
mia, septicaemia,  erysipelas,  and  osteomyelitis,  so  frequently  observed  in 
the  preantiseptic  period — is  now  exceptional,  and  only  takes  place  when 
an  extremity  is  operated  upon  which  is  already  infected,  or  when  the 
rules  of  asepsis  are  not  rigidly  adhered  to.  For  the  treatment  of  these 
diseases  of  wounds  resulting  from  infection,  as  well  as  for  the  treatment 
of  shock,  delirium  tremens,  etc.,  reference  is  made  to  §  62  to  §  75. 

Among  the  other  immediate  bad  symptoms  after  amputation  we 
may  mention  the  occurrence  of  cramps  or  violent  contractions  of  the 
muscles  in  the  stump.  These  are  liable  to  come  on  soon  after  the 
operation,  and  are  best  treated  by  subcutaneous  injections  of  morphine 
and  by  fixation  of  the  stump  by  means  of  light  sand-bags,  etc.  (See 
also  §  64,  Delirium  Tremens.) 

Secondary  haemorrhage  also  occurs  much  less  frequently  than  it 
formerly  did,  because  we  have  learned  to  take  great  pains  to  arrest  all 
bleeding  during  the  operation.  Secondary  haemorrhage  starts  either 
from  an  unsecured  vessel  which  had  retracted  at  the  time  that  the 
bleeding  from  the  stump  was  being  stopped,  or  from  a  vessel  which 
had  been  tied  off  but  had  opened  again.  In  such  cases  of  secondary 
haemorrhage  from  an  artery  often  nothing  but  the  reopening  of  the 
wound  and  the  securing  of  the  bleeding  vessel  will  suffice  to  check  it 
The  best  way  of  treating  parenchymatous  secondary  haemorrhage  or 
oozing  is  to  apply  an  aseptic  dressing  in  such  a  manner  as  to  exeit 
proper  pressure  and  to  place  the  stump  in  an  elevated  position.  At  a 
later  stage  in  the  process  of  healing  it  is  still  possible  for  secondaiy 
haemorrhage  to  occur  from  perforation  of  the  wall  of  the  vessel  result- 
ing from  suppuration  when  the  wound  does  not  heal  by  primaiy 
union.  The  treatment  of  this  is  also  practically  the  same — i.  e.,  the 
haemorrhage  should  be  stopped  by  applying  a  ligature  at  the  point 
from  which  blood  issues. 

If  the  skin  is  very  thin,  or  if  the  skin  flaps  lie  upon  a  non-vascular 
surface  like  cartilage,  as  is  the  ca^e  in  disarticulations,  or  if  the  dress- 
ings are  applied  so  as  to  exert  too  much  pressure,  there  is  apt  to  be  a 
more  or  less  extensive  death  or  gangrene  of  the  flaps.  In  such  casea 
one  must  either  await  the  separation  of  the  damaged  portion  of  the 
flap,  or,  if  the  gangrene  is  too  extensive,  a  higher  amputation  must  be 
performed.  The  gangrene  is  sometimes  due  to  constitutional  cauaei 
(diabetes,  arteriosclerosis,  etc.). 
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Sometimes  necrosis  occprs  in  tlie  etunip  of  the  bone,  especially  if 
tiiere  lias  been  oupparation.  Under  these  circumBtanceB  one  must  wait 
nnti!  the  sequeetrnm  has  become  loosened,  and  then  remove  it.  The 
bone  atump  does  not  necrose  if  the  wound  heals  normally  and  without 
niction. 

Another  bad  result  after  amputation  is  tlie  so-called  conical  stamp. 
Tbi*  may  Ije  the  fault  of  the  method  of  o[)erating — i.  e.,  the  cutaneous 
flapfl  were  made  too  short  for  sufficiently  covering  the  bone  stump,  or 
it  may  he  due  to  the  death  of  part  of  the  cutaneous  flaps,  or  to  retrac- 
tioa  of  the  soft  parts  as  a  result  of  suppuration.  This  latter  cause  was 
reUtively  common  in  the  preantiseptic  period  of  surgery.  At  present 
conical  amputation  stumps  are  rare,  and  are  usually  the  result  of  an 
mukilful  performance  of  the  ojieration.  In  rare  cases  a  conical  stump, 
puticnlarly  after  amputation  of  the  upper  arm  and  tlie  leg,  may  occur 
ioyonng  individnals  from  longitudinal  growth  of  the  hone  at  the  upper 
bOct  epiphysis.  Poncet  observed  in  one  case  a  growth  of  eight  centi- 
metres in  three  years.  In  a  well-marked  conical  stump  the  end  of  the 
bone  projects  from  the  soft  parts  through  the  granulating  surface  of 
the  wound,  and  eitlier  cicatrisation  does  not  take  place,  or  the  slowly 
fanning,  adherent  scar  is  eo  tense  and  sensitive  that  the  use  of  the 
itainp  ami  the  wearing  of  an  artiticial  limb  are  impossible.  T'nder  such 
nmlitions  there  is  nothing  to  be  done  but  to  perform  a  reamputation 
Of  I  subperiosteal  resection  of  the  bone.  The  latter  is  best  carried  out 
I9  nuking  a  longitudinal  incision  through  the  soft  parts  and  periosteum 
down  to  the  stump  of  bone,  care  being  taken  to  avoid  large  vessels 
aod  nerves;  the  periosteum  and  the  overlying  soft  parts  are  then 
wp&rated  by  means  of  the  raspatory  and  periosteal  elevator  from  the 
twne,  and  a  sufficiently  long  piece  of  bone  is  removed  with  the  saw  or 
lutinmer  and  chisel. 

Since  the  era  of  a.septic  surgery,  the  neuralgia  of  the  amputation 
namp  which  used  to  occur  after  suppuration  is  seldom  observed.  The 
pain  is  caused  in  some  cases  by  cicatricial  contraction  following  sup- 
puration and  resulting  in  constriction  of  the  ends  of  the  nerves,  and  in 
other  cases  the  enlarged  ends  of  the  nerves  become  adherent  to  the 
lionc  or  the  superficial  layer  of  the  stump.  The  ends  of  the  nerves 
ssually  show  a  club-shaped  enlargement  (amputation  netiroma).  The 
latter  consists  of  connective  tissue  with  more  or  less  numerous  bundles 
of  newly  formed  nerve  fibres.  The  formation  of  these  amputation 
neuromata,  which  sometimes  cause  very  severe  pain,  is  best  prei'ented 
by  aseptic  heating  and  by  drawing  out  the  ends  of  the  large  nerves 
with  forceps  after  every  amputation  and  cutting  off  a  considerable 
portion  with  scissors,  in  order  that  the  nerves  may  retract  well  between 
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the  muscles.  Moreover,  great  care  shoald  be  taken  not  to  include 
nerves  in  the  ligatures  placed  on  the  vessels.  The  treatment  of  neu- 
ralgia occurring  in  a  stump  consists  in  the  excision  of  a  long  piece 
of  the  affected  nerve  trunk  (neurectomy),  and  in  the  extirpation  of  any 
neuromata  which  may  be  present. 

During  the  first  few  days  or  weeks  many  patients  who  have  under- 
gone an  amputation  complain  of  pain  of  greater  or  less  severity 
referred  to  the  amputated  part,  which,  however,  gradually  disappeam 
in  the  great  majority  of  cases.  On  account  of  irritation  of  the  ends 
of  the  sensory  nerve  fibres  which  originally  supplied  the  fingers  or  toea^ 
these  patients  feel  pain  in  those  parts  though  they  no  longer  pofisesa 
them.  The  sensations  referred  to  the  portions  of  the  extremities 
which  no  longer  exist  last  a  variable  length  of  time — often  a  year — and 
patients  are  very  likely  to  dream  that  they  still  have  their  lost  limb. 

Death  following  Amputation  and  Disartionlation. — A  fatal  result  fol- 
lowing amputation  or  disarticulation  is  either  caused  by  one  of  the 
forms  of  wound  infection,  such  as  septicaemia,  pysemia,  erysipelas,  ar 
tetanus,  or  by  collapse,  by  anaemia  from  great  loss  of  blood,  by  second- 
ary hsemorrliage,  delirium  tremens,  fat  emboli,  or  other  intercurrent 
diseases.     In  general,  age  does  not  play  so  important  a  part  in  the 
prognosis  of  amputations  and  disarticulations  as  it  formerly  did,  be- 
cause we  have  learned  how  to  avoid  loss  of  blood,  and  healing  is  moire 
rapid  with  the  aseptic  method  of  operating.     It  often  happens  in  gld 
people  that  there  is  marked  atheromatous  degeneration  of  the  arteries^ 
and  yet  the  wound   will  heal  satisfactorily.     Furthermore,  syphiliiy   j 
tuberculosis,  and  kidney  disease  have  no  such  deleterious  effect  on 
healing  as  was  formerly  believed.     In  every  case  the  prognosis  afttf 
an  amputation  ie  favourable  if  there  are  no  complications,  and  if  thew 
has  been  no  transgression  of  the  rules  of  antisepsis. 

Mortality  of  Amputations. — The  mortality  of  aseptic  amputations  varies    : 
witli  the  nature  of  the  case  and  the  presence  or  absence  of  complication&. 
Accoi*ding  to  Oberst,  of  260  uncomplicated  amputations  14  died,  a  mortalit;f    . 
of  5.4  per  cent. ;  but,  on  the  other  hand,  there  were  39  deaths  in  91  cawi    - 
where  complications  were  present,  a  mortality  of  42.8  per  cent    Of  57  am-    ; 
putations  in  which  sepsis  was  already  present,  40  recovered,  and,  takin^j^  all  t 
cases  without  distinction,  Oberst  collected  351  amputations  with  53  deaths,  or 
a  mortality  of  15.1  per  cent.,  and  84.9  per  cent  recoveries.    Wolfler  has  givea 
the  total  mortality  of  amputations  occurring  in  Billroth^s  clinic  as  19.7  per    , 
cent.    In  uncomplicated  cases  the  mortality  was  5.7  per  cent,  and  in  those  in 
which  complications  occurred— i.  e..  in  amputations  where  sepsis  and  pyaemia 
were  already  present — the  mortality  was  43.7  per  cent    Elssen  (in  Wahl^ 
clinic)  gives  the  total  death  rate  as  17.9  per  cent,  the  mortality  <jf  uncompli- 
cated cases  being  5.93  per  cent.,  and  of  tliose  witli  complications 4^.8  percent 
The  mortality  of  the  255  amputations  performed  in  Ciserny's  clinic  was  only 
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1.7  percent  (ScbradeJ.  The  decrease  in  the  mortality  is  to  be  ascribed  solely 
lo  tbe  aseptic  method  of  treating  wounds,  and  the  mortality  of  amputations 
ind  disarticulations  would  be  still  less  if  all  the  operations  could  be  per- 
fonued  immediately  after  the  injury. 

§  39.  Artiflciml  Limbt. — The  sabetitntion  of  artificial  limbs  fur  lost 
otremitiee  has  becoiDe  more  aod  more  common  in  recent  years.  In 
be  case  of  the  tower  extremi^,  the  prothetic  apparatus  need  aalj  ren- 
der etanding  and  walking  poaaible,  and  consequently  it  is  conceivable 
dot  more  satisfactory  reenlts  cau  be  obtained  here  than  in  the  upper 
eitremity,  where  the  manifold  movements  of  the  hand  and  fingers  can 
be  only  partially  supplied  ;  and  not  every  one  is  in  a  position  to  pro- 
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nde  himself  with  such  costly  apparatus  as  artificial  arms  and  legs,  with 
4eir  complicated  mechanism.  As  to  the  npper  extremity,  the  move- 
Wntfi  of  the  fingers  are  usually  imitated  by  spiral  springs,  or  springs 
ire  placed  in  the  apparatus  in  such  a  way  as  to  make  the  latter  niova- 
Ne  when  manipulated  by  the  other  hand  or  pressed  against  the  thorax 
ly  the  stump,  etc.  The  simplest  and  cheapest  prothetic  apparatus  for 
u  amputated  arm  or  forearm  consists  of  a  leather  socket  in  which  the 
Namp  is  placed  and  retained  by  straps.  The  artificial  hand  should  be 
■mnged  so  that  it  can  be  taken  off  and  replaced  by  a  hook,  a  knife,  or 
I  claw  (Fig.  124,  c,  d,  e).  It  is  remarkable  how  much  some  patients 
am  Bometdmee  accomplish  with  such  a  simple  apparatus. 
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After  amputation  or  diflarticnlation  of  the  lower  extremity  we  ma 
use  either  of  the  peg  leg  (Fige.  125  to  127)  or  the  artificial  limb  (Fij 
128,  129).  The  peg  leg  ie  the  cheaper  and  bj  far  the  simpler  apj 
ratue,  and  with  it  walking  is  generally  easier  and  more  comfortal 
than  with  the  artificial  limb.  Many  who  have  long  been  torment 
by  the  latter  turn  finally  to  the  nee  of  the  peg.  And  it  is  worth  taki 
into  consideration  that  the  peg  leg  can  be  repaired  by  any  mecbai 
while  the  artificial  limb  requires  a  skilled  instruiuent-maker.  Treni 
lenburg  and  others  have  shown  that  the  peg  leg  can  be  improvii 
veiT  cheaply  by  fastening  a  stick  of  wood  to  a  socket  made  of  pat 
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board  by  means  of  a  water-glass  bandage.  The  artificial  leg  is  nsua 
made  of  a  leather  pocket  in  which  the  stump  is  placed  ;  to  this  is  joii 
the  leg,  wliich  ia  raade  of  wood,  having  hinges  for  the  knee  and  an 
joints.  Tlie  foot  can  be  extended,  when  preseing  against  the  gron: 
by  means  of  a  strung  spiral  spring.  The  movement  of  the  knee  jo 
is  accomplished  by  some  elastic  material  placed  inside  the  l^  i 
simulating  the  fnnction  of  the  umscles.  If  only  a  part  of  the  foo 
lost  the  defect  can  he  concealed  and  walking  rendered  piwsible  by  p 
ding  an  ordinary  boot  with  cotton.  Some  artificial  legs  are  made  v 
a  rubber  foot. 
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These  brief  remarks  will  suffice  for  a  general  understanding  of  the 
principles  of  artificial  limbs. 

Crntchea. — Crutches  must  be  well  padded,  as  otherwise  they  may  give  rise 
to  schcalled  crutch  paralysis  from  pressure  on  the  nerves  in  the  axilla. 

§  40.  Operations  on  Joints. — By  resection  of  a  joint  is  meant  the 
partial  or  complete  operative  removal  of  the  opposed  bony  surfaces 
forming  the  joint  by  means  of  the  saw,  sharp  spoon,  or  chisel.     A  dis- 
tinction is  made  between  partial  and  complete  resection,  depending 
upon  whether  the  ends  of  the  bone  are  completely  or  only  in  part 
removed.     If  the  joint  is  extensively  diseased,  we  do  not  satisfy  our- 
ielres  with  removal  of  the  bony  portion,  but  also  extirpate  the  synovial 
membrane — i.  e.,  we  perform  a  complete  extirpation  of  the  joint.     In 
all  eases  in  which  the  periosteum  is  healthy  we  preserve  it  on  account 
«f  its  osteoplastic  power,  and  call  a  resection  of  this  kind  subperiosteal. 
LCtion  is  made  between  early  and  late  resection  and  between 
r,  intermediate,  and  secondary  resection.     By  primary  resection 
\t  one  which  is  performed  immediately  after  the  traumatism  has 
and  before  the  onset  of  inflammatory  reaction.     The  inter- 
mediate resection  is  performed  after  inflammatory  symptoms  appear. 
A  secondary  resection  is  one  performed  after  the  subsidence  of  the 
inflammatory  reaction,  when  the  wound  is  granulating. 

Beaeetion  of  Bones  in  Continuity. — Furthermore,  we  resect  bones  in 
thflir  continuity  when  we  remove  greater  or  less  amounts  of  diseased 
portions  of  them  by  means  of  the  chisel  or  saw.  The  removal  of  dis- 
eaaed  bone  by  the  sharp  spoon — for  example,  in  tuberculosis — is  desig- 
nated as  a  scraping  out,  while  the  simple  division  of  bone  in  its  con- 
tinuity is  called  osteotomy. 

Arthrectomy. — If  the  bony  parts  forming  the  joint  are  left  intact, 
and  only  the  diseased  synovial  membrane  of  the  joint  is  removed,  as  in 
tuberculosis,  the  operation  is  an  arthrectomy.  The  simple  opening  of 
the  joint  is  called  arthrotomy.  We  shall  confine  ourselves  here  to  the 
general  technique  of  joint  resections,  and  shall  take  up  the  resections 
of  particular  joints  in  the  Regional  Surgery. 

IndicationB  for  Seseotion  of  a  Joint. — The  indications  for  resecting  a 
joint  especially  for  performing  total  resection,  have  become  much  fewer  in 
number  since  the  introduction  of  antiseptic  surgery.  At  the  present  time  we 
are  often  able  to  save  a  joint — one,  for  instance,  which  has  been  laid  open 
by  a  wound — where  formerly  it  would  have  been  sacrificed.  We  now  go  on 
the  principle  of  performing  a  resection  as  conservatively  as  possible — i.  e., 
we  try  to  preserve  as  much  of  the  articular  surfaces  of  the  bone  as  we  can. 
The  complete  resection  of  joints  in  children,  which  used  to  be  so  frequently 
performed  for  tuberculosis,  should  be  entirely  given  up.    In  these  cases  we 
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should  be  satisfied  with  removing  the  diseased  portion  of  the  bone  with  the 
sharp  spoon  or  the  chisel,  with  the  single  exception  of  the  hip  joint ;  and  in 
adults  the  use  of  total  resection  should  be  restricted  as  much  as  possible,  and 
as  much  bone  saved  as  possible.  If  only  the  capsule  of  the  joint  is  diaeand 
— as,  for  example,  in  tuberculosis — only  this  should  be  extirpated  (arthrec- 
tomy),  and  the  bony  portion  of  the  joint  should  be  left  intact  When 
arthrectomy  is  performed — for  instance,  at  the  knee  in  the  case  of  synovial 
disease — a  movable  joint  may  be  obtained  (Angerer,  Sendler,  myself,  and 
others).  On  the  other  hand,  it  cannot  be  denied  that  a  very  good  functional 
result  is  possible  after  an  extensive  atypical  resection,  as  in  the  case  of  the 
foot,  and  amputation  be  thus  avoided.  I  agree  with  E^appeler,  Mikulicz, 
Kiister,  and  others  in  sanctioning  extensive  atypical  resections,  particularly 
of  the  foot. 

In  general,  resection  of  a  joint  is  indicated  after  severe  injuries  (traa- 
matic  resection)  and  for  pathological  changes  in  the  joint  (pathological 
resection).  Among  conditions  in  a  joint  calling  for  resection  are  (1)  com- 
pound fractures  involving  the  joint,  with  considerable  splintering  of  the 
bones,  especially  gunshot  fractures ;  also  dislocations  accompanied  by  nip* 
ture  of  the  skin  and  overlying  parts.  Since  the  introduction  of  antisepais  it 
will  often  be  found  sufficient  in  these  cases  to  drain  the  joint  thoroughly 
after  reducing  the  dislocation  or  removing  whatever  loose  fragments  are  en- 
tirely detached.  Resection  of  a  joint  is  also  called  for  (2)  when  there  is  veiy 
extensive  suppuration  or  violent  inflammation  in  the  joint  after  an  injury, 
and  especially  when  there  is  (3)  chronic  disease  of  the  joint,  tuberculoaia 
being  the  most  common.  Resections  may  also  be  performed  for  (4)  loss  d 
function  in  a  joint  caused  by  contractures  or  anchylosis,  and  in  old  disloca- 
tions in  which  there  is  a  malposition  of  the  bones  which  interferes  with  the 
function  of  the  joint,  or  in  which  the  head  of  the  bone  presses  on  nerves 
and  vessels,  and,  finally,  (5)  for  new  growths  in  the  bones. 

Osteoclasis,  or  subcutaneous  fracture  of  bones  by  the  osteoclast.  (Mol- 
liere),  has  of  late  years  been  used  very  largely  in  place  of  the  so-called  ortho- 
paedic resections  for  improving  deformities  of  bone.  But  I  agree  with  Oilier, 
that  ()steocla.sis  is  not  always  as  effective  as  its  inventor  claims ;  and,  fu^ 
therinoiH*,  it  is  not  always  i>os.sible  to  break  the  bones  at  precisely  the  desired 
point  and  without  damaging"  the  soft  parts.  Osteoclasis  cannot  usually  he 
employed  in  cases  of  anchylosis. 

General  Eulcs  for  performing  Besection. — The  operation  of  resecting 
a  joint  is  divided  into  three  stages  :  (1)  The  incision  through  the  soft 
parts ;  (2)  opening  the  joint ;  (3)  division  and  removal  of  the  injured 
or  diseased  ends  of  the  hones  with  or  without  extirpation  of  the  syno- 
vial membrane.     AVlien  possible,  the  operation  should  be  performed 
with  the  aid  of  Esmareirs  artificial  iscliiemia,  and  of  course  with  the 
strictest  ascj^tie  jirecautions.     The  soft  parts  are  divided  with  a  short, 
strong  knife  (Fig.    i:]()).     Eeseetion  knives   are   sometimes   pointed, 
sometimes  rounded,  or  blunt.     The  incision  through  the  soft  part*  if 
made  prefera!)ly  in  the  long  axis  of  the  limb,  because  this  involves  th< 
least  injury  to  muscles  and  tendons  at  their  point  of  insertion,  as  wel 
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8  and  nerves.     Only  in  the  case  of  the  knee — and,  under 

iditions,  the  ankle — are  transverse  incisions  allowable  for 
better  view  of  the  diseased  joint.     The  joint  is  opened  in 

the  cutaneous  incision.     It  is  very  important  for  the  future 
the  joint  to  preserve  the  tendinous  insertions  of  the  mue- 

;he  joint  and  to  keep  intact  their  connection,  as  well  as  that 

ule  with  the  periosteum, 
where  the  perioBteum  is 

in  primary  traumatic  re- 
should  be  preserved — 

eriosteal  resection  should 

led.     If  it  is  diseased,  it 

urse  be  removed,  as  well 

e.     If  the  periosteum  is 

ned — that  is,  if  we  are 

o  a  subperiosteal  resee- 

livided  in  the  line  of  the 

ncieion  and  raised  by  the 

Fig.  79)  and  periosteal 

ig.  80).     At  those  places 

periosteum  becomes  con- 

h  the  capsule,  muscular  insertions,  and  ligament^  it  must 

^d  from  the  bone  by  perpendicular  or  horizontal  strokes  of 
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id  Konig  have  introduced  an  excellent  plan  for  retaining 
ion  of  the  muscniar  insertions  to  the  bony  protuberances  to 
are  attached.  These  protuberances  are  separated  from  the 
!  bone  by  the  hammer  and  chisel,  or,  in  the  ease  of  children, 
fe,  and  at  the  conclusion  of  the  operation  they  are  again 
ck  into  place  and  secured  by  means  of  silver  wire  or  nails. 
3  is  a  tubercular  arthritis  involving  the  whole  joint,  or  when 
would  of  course  be  a  mistake  to  preserve  the  periosteum. 
es  the  joint  must  be  entirely  extirpated — i.  e.,  all  diseased 
nd  bone  must  be  removed. 

iosteuni  having  becTi  removed,  or  left  in  place,  as  the  case 
;  next  step  is  the  division  of  the  bone  (see  g  26).  The  ends 
!  are  forced  out  of  the  wound,  while  the  soft  parts  are  held 
ractors,  or  the  bony  parts  are  divided  in  situ  with  the  meta- 
,  or  chain  saw,  or  with  the  chisel.  The  bones  of  children 
with  the  knife.  After  division  of  the  bone  ail  projecting 
evelled  off. 
/losis  is  desired — for  example,  in  the  ease  of  the  knee — the 
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ends  of  the  bones  are  fastened  together  with  catgat,  silver  wire,  or 
four-cornered  steel  nails  which  have  been  carefully  disinfected  (see 
also  §  34).      Since   partial   resections  give  in  general  a  better  func- 
tional result  than  total  ones,  the  former  should  be  given,  when  possible^ 
the  preference  in  all  joints  in  which  we  wish  to  obtain  motion.    The 
strictest  asepsis  must  be  maintained  in  all  stages  of  the  operation.    At 
its  conclusion  the  hsemorrhage  must  be  arrested  with  the  utmost  care, 
drainage  of  the  joint  must  be  provided  for,  and,  after  suturing  the 
wound  and  applying  an  antiseptic  dressing,  the  joint  must  be  immo- 
bilised by  a  suitable  splint.     If  an  Esmarch  tourniquet  is  used,  it  can 
either  be  removed  before  inserting  the  sutures  and  the  hsemorrhage 
stopped,  or  one  can  suture  the  wound,  leaving  the  two  angles  op«i, 
apply  an  aseptic  dressing,  and  then  remove  the  tourniquet.    I  then 
apply  a  plaster-of- Paris  splint  over  the  aseptic  dressing,  and  this  is  kept 
on  for  about  four  weeks.     In  order  to  diminish  the  secondary  bleed- 
ing the  extremity  is  elevated  or  suspended.     In  case  of  extensive  sup- 
puration of  the  joint,  it  must  be  thoroughly  drained  by  tubes  or  gaoae. 

For  the  method  of  dressing  individual  joints  after  resection,  ref^- 
ence  is  made  to  the  text-book  on  Regional  Surgery. 

Outcome  of  Besections  of  Joints. — The  results  of  joint  resections  are 
either  anchylosis,  or  an  actively  movable  joint,  or  a  so-called  flail-like    " 
joint.     In  the  lower  extremity,  at  the  knee  and  ankle,  anchylosis  is  the 
most  desirable  result.     In  the  hip  and  upper  extremity  a  movable  joint 
is  preferable.     For  restoring  the  function  of  a  joint  after  the  wound 
has  healed,  the  after-treatment  is  of  great  importance.     It  is  possible 
to  obtain  very  excellent  results  by  the  methodical  use  of  active  and 
passive  motion,  by  electricity,  massage,  and  baths.     If  anchylosis  is 
desired,  the  joint  should  be  immobilised  in  the  position  which  is  most 
suitable  for  subsequent  use,  by  means  of  a  plaster  dressing  or  a  splint 
left  in  place  for  a  considerable  length  of  time  (see  Methods  of  Dress- 
ing, and  Regional  Surgery).     If  a  flail-like  joint  is  obtained,  it  must^ 
be  re-enforced  by  a  suitable  supporting  apparatus,  or  another  operatiot* 
must  be  done  to  obtain  anchylosis  (see  Arthrodesis,  below). 

The  causes  of  death  foWov^'ing  resection  are,  in  the  first  place,  th^ 
infectious  wound  diseases,  such  as  sepsis  or  pyaemia,  due  to  imperfect 
asepsis,  or  to  their  presence  at  the  time  of  the  operation.  Furthermore, 
death  may  result  from  exhaustion  due  to  the  long  confinement  in  bed, 
or  from  the  underlying  general  disease,  usually  tuberculosis.  Patients 
who  have  undergone  this  operation  sometimes  die  from  fat  emboli, 
especially  when  there  is  advanced  fatty  degeneration  of  the  bone  mar- 
row. Bones  in  which  there  is  this  fatty  degeneration  should  not  be 
joined  together  too  closely. 
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Eutory  of  RenctiOIUt — Resections  were  performed  in  tlie  flourishing  days 
ol  niirgery  at  the  time  of  the  Roman  Empire,  but  were  forgotten  entirely 
iluiini;  the  inid<lle  ages,  and  were  not  again  sj'steniatically  practised  till  near 
ll]»close  of  the  eigbteeulh  cenHiry.  In  England,  White  was  the  first  to  use 
the  operation,  performing  a  resection  of  the  liunierua.  In  France  the  oper- 
aijiin  was  employed  by  Moreuu  ;  later,  by  Sabatier,  Percy,  Diipuytren,  and 
Lury.  Ttxior.  Jiiger.  and  Ried  introduced  the  operation  among  German 
lurgccuiii,  Lungenbeck  has  done  more  than  anybody  to  advance  tbe  tech- 
tuqne  of  joint  resection. 

Atthxodeiil,— By  arthrodesis  is  understood  the  artificial  anchylosis  of  a 
BiiMike  joint — in  c^ses  of  piLrulysta,  for  example,  for  which  it  was  flrst  prac- 
tised by  Albert,  who  operated  with  excellent  results  on  both  knee  joints  of 
afoimggirl  suffering  from  paralysis  of  the  lower  extremities.  Tbe  opera- 
tion i»  very  useful,  especially  for  paralytic  flail-like  joints.  At  first  artliro- 
doKswas  frequently  performed  by  fastening  the  bones  together  with  a  wire 
ntuTB  after  a  typical  resection  of  their  joint  surfaces.  But  it  is  a  better 
plu  lu  merely  scrape  uU'  the  articulai'  surfaces,  leaving  some  of  the  cartilage 
bcbind,  and  then  unite  the  bones  with  long,  perfectly  sterilised  steel  nails 
iasteod  of  the  silver-wire  suture.  The  synovial  membrane  should  be  allowed 
tu  remain  intact  If  healing  takes  place  with  some  slight  amount  of  sup- 
purstion,  the  synostosis  of  the  joint  ends  of  the  bones  is  more  solid  than  it 
tlie  wound  unites  by  primary  union  (Zinameister).  H.  Euringer  haa  col- 
lected from  literature  68  coses  of  arthrodesis  (in  50  patients),  of  which  the 
majority  were  successful,  and  enabled  the  patients  to  dispense  with  the 
b«Hvy,  unconiforlable,  and  expensive  splint  apparatus.  Karasiewicz  collected 
STcasM  (in  61  patients),  of  which  44  were  performed  on  the  ankle,  33  on  tlie 
knw,  and  the  others  on  the  shoulder,  elbow,  hip,  Chopart's,  and  the  calcaneo- 
Mlragaloid  joints.  The  results  vterv  good  (bony  unioni  in  59  cases,  satisfac- 
tory {fibrous  union)  in  25,  and  bad  in  3. 

Althiolyau — Arthrolysis,  or  auchylolysis,  is  the  opposite  of  arthrodesis. 
It  consists  in  open  division  of  all  bauds  and  adhesions  both  inside  and  out- 
side tile  joint  which  interfere  with  its  movement.  The  joint  surfaces  iire 
uot  resei-ted,  and  in  tliis  way  an  anchylosed  or  contracted  joint  may  beconie 
niuvablu  again. 


CHAPTER  X. 

OPERATIONS  FOB   BEMEDTING   DEFECTS   IN   THE  TISSUES. — ^PLASTIC 

OPEBATIONS. — TRANSPLANTATION. 

Plastic  operations  for  loss  of  substance  in  the  skin. — General  methods  of  plastic  su^ 
gery  in  case  of  loss  of  substance  in  the  skin :  niovability  of  skin ;  liberatiflf 
incisions;  formation  of  flaps  with  pedicles;  implantation  of  entirely  fleparaked 
portions  of  skin. — Skin-grafting  by  the  methods  of  Krause,  R^yerdin,  and  Thieraeh. 
— Grafts  of  skin  or  mucous  membrane  taken  from  animals. — Hair-grafting.^ 
Plastic  operations  for  defects  in  other  tissues  (muscles,  tendons,  nerres,  bones). 

§  41.  Plastic  Operations  for  Cutaneous  Defects. — If  the  loss  of  sub- 
stance in  the  tissues  is  so  great  that  it  cannot  be  remedied  by  simply 
suturing  together  the  borders  of  the  wound,  we  perform  what  htt 
been  called  by  the  general  name  of  a  plastic  operation,  for  remedying 
the  defect  or  bringing  about  a  more  rapid  cicatrisation. 

We  shall  first  take  up  the  operative  treatment  of  loss  of  substance 
in  the  skin.  These  defects  are  either  fresh  and  the  result  of  an  injury 
or  an  operation,  or  they  are  old  or  congenital,  or  made  up  of  a  granu- 
lating wound  surface.  For  treating  such  defects  in  the  skin,  or  for 
hastening  cicatrisation,  there  are  in  general  two  principal  methods : 

1.  The  closure  of  the  defect  by  traction  upon  the  skin  in  the  neigh- 
bourhood, or  by  the  formation  of  a  cutaneous  flap,  which  is  freed 
from  the  underlying  parts  in  such  a  way  that  it  still  possesses  a  bridge 
of  skin  at  some  portion  of  its  circumference,  called  a  pedicle,  connect- 
ing it  with  the  neighbouring  skin. 

2.  The  defect  is  also  remedied  by  the  transplantation  or  implanta- 
tion of  an  entirely  detached  portion  of  skin.  The  first  method,  in. 
which  the  defect  is  remedied  by  traction  on  the  surrounding  skin  and 
by  the  formation  of  a  movable  flap  with  a  pedicle,  is  what  is  ordinarily 
meant  by  a  plastic  operation. 

Defects  not  only  in  the  skin,  but  also  in  muscles,  tendons,  nerves, 
and  hone,  can  be  remedied  by  plastic  operations — i.  e.,  by  the  forma- 
tion of  flaps  with  pedicles  or  by  the  transplantation  of  portions  of  tissue 
entirely  separated  from  their  original  surroundings.     Modern  aseptic 
surgery  has  made  great  advances  in  plastic  operations  and   in  the 
grafting  of  different  tissues  on  others. 
140 
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The  cutaneous  defects  in  which  plastic  operations  are  called  for  are 
cao^  by  injuries  and  by  diseases  of  every  description  (wounds  from 
freezing  or  burning,  inflammation  causing  necrosis,  operations  for  tu- 
mours, malformations  like  harelip,  ectopia  vesicce,  etc.).  Plastic  opera- 
tions are  also  indicated  in  cicatrices  causing  deformity  or  loss  of  func- 
tion in  a  part.  The  ancient  surgeons,  particularly  in  India,  were  skilled 
in  this  branch,  having  plenty  of  opportunity  for  performing  rhinoplasty 
and  otoplasty,  on  account  of  the  frequency  of  the  form  of  punishment 
which  consisted  in  cutting  off  the  nose  or  ears. 

If  small  portions  of  the  body,  like  the  tips  of  the  fingers  or  the 
noee,  are  completely  cut  off,  they  will  sometimes  reunite  in  their 
proper  position  by  primary  union  if  they  are  carefully  sutured  in  place 
with  every  antiseptic  precaution,  provided  the  piece  of  tissue  is  not  too 
large  and  not  too  much  crushed,  and  the  sutures  are  applied  immedi- 
ately after  the  receipt  of  the  injury.  We  shall  return  to  the  subject 
of  the  reuniting  of  small,  completely  severed  portions  of  tissue  in  the 
chapters  on  Injuries  and  the  Repair  of  Wounds. 

General  Principlee  of  Flattie  Surgery. — The  following  is  a  brief  state- 
ment of  the  general  principles  governing  plastic  surgery,  the  details 
of  which  for  special  plastic  operations — such  as  rhinoplasty,  cheilo- 
phtety,  the  operations  for  ectopia  vesicae,  etc. — will  be  considered  in 
the  text-book  on  Regional  Surgery. 

It  is  of  the  greatest  importance  for  the  success  of  any  plastic  opera- 
tion, or  for  the  union  of  a  skin  flap  in  its  new  bed,  that  the  operation 
should  be  conducted  with  the  strictest  attention  to  asepsis.  The  bor- 
ders of  the  wound  should  be  as  smooth  and  sharply  outlined  as  possible, 
the  flaps  should  be  cut  of  adequate  size,  not  too  small  or  too  thin,  and 
the  subcutaneous  fatty  tissue  should  be  preserved  in  its  connection  with 
the  flap.  The  sutures  should  be  of  catgut  or  fine  aseptic  silk,  and 
should  be  so  applied  that  the  borders  of  the  wound  are  held  in  exact 
apposition. 

Coaptatioii  of  the  Borders  of  the  Wound  and  Freeing  of  the  Skin 
from  Underlying  Farts. — The  simplest  way  of  closing  a  defect  in  the 
^n  consists  in  drawing  together  the  borders  of  the  wound  and  uniting 
thfcm  with  sutures.  To  render  the  edges  of  skin  more  movable,  they 
Can  be  dissected  free,  together  with  the  attached  subcutaneous  fat,  from 
the  underlying  parts.  Thus  cutaneous  defects  of  the  most  diverse 
shapes,  if  not  too  large,  may  be  easily  closed,  as  illustrated  in  Fig.  131. 
rolhis  Wolff  has  recently  elaborated  this  method  of  closing  defects  by 
Inwing  over  them  the  adjoining  skin,  which  has  first  been  freed  from 
be  subjacent  parts,  and  then  suturing  the  edges  of  the  skin.  He  has 
1  this  way  closed  large  areas  where  loss  of  substance  has  occurred  in 
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ekin  and  in  bone,  and  has  also  applied  it  to  widely  opened  joinla 
Tlie  skin  is  loosened  for  some  distance  around  the  wound,  parti;  with 
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the  edges  of  III 

the  hand  and  parti;  with  a  blunt-pointed  knife  or  scissors,  and  then 
brought  over  the  wound  and  sutured  (Berlin,  klin.  Wochenschr.,  1890, 
No.  6). 

In  other  cases  it  is  best  to  make  use  of  lateral  liberating  inciuom; 

i.  e.,  before  or  after  inserting  the  suturea  in  the  approximated  uiargiu 

of  the  wound,  an  incision  is  made  parallel  to  and  at  one  side  of  the 

suture  line,  in  order  to  lessen  the  tension  on  the  suture  line  (Fig.  133,  a). 

As  illustrated  ui  Fig.  132,  *,  the  lib- 

{A      \           J       '  -<      k      erating  incisions   cause   slight);  pif- 
^^     \         1 ,    I     ing  wounds  after  the  defect  has  bed  ' 
^H              I      '  "^     I     closed,  but  these  usually  heal  rapidlj 
^^m     j          I     ~  ~<    I      by  aseptic  granulation. 
^f      I           1       "*      r  In   a  third  category  of  casee  tl» 

a  J  skin  is  drawn  over  a  defect  after  mak- 

M-.a,  ing  one  or  more  incisions  prolonged 
'•^^  from  the  limit  of  the  original  defect 
in  any  required  direction,  and  by  this 
means  forming  a  kind  of  flap.  This  is  only  a  modification  of  the 
method  of  closing  a  defect  by  sliding  the  skin  over  it,  and  does  not 
belong  to  the  important  method  of  plastic  sui^ry  about  to  be  de- 
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scribed — namely,  the  fonnation  of  a  flap  with  a  pedicle.  In  Figs.  183, 
13+,  and  135  are  seen  examples  of  the  application  of  this  method.  In 
Fig.  133  the  original  incision  lias  been  prolonged  in  the  line  c  d,  and 
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lite  portion  of  skin  a  c  d  i&  tLiis  rendered  capable  of  being  moved, 
rbeioK^lrawu  over  l«  b,  and  the  two  borders  of  the  defect  are  united 
with  sutures,  giving  the  result  ilhietrated  in  Fig.  133,  b.  In  the  s; 
nuuner,  nader  other  eircumatances,  a  second  incision  can  be  prolonged 
from  the  original  defect  at  b.  AVhen  tlie  three-cornered  defect  ie  closed 
bvEutnrce  there  results  some  slight  pnclcering  of  the  skin  at  the  sides. 
BnrQw  remedies  this  b^'  excising  sniall  three-oomered  portions  of  akin 


▼ 


M IH. — Carred  incuioD  IVom  one  comer  of  *  triuixulnr  wound :  a.  before,  and  b. 


IB  tbis  region.  This  plan  of  excising  a  triangular- shaped  portion  of 
ttKue,  which  Bnrow  introdneed,  is  at  present  but  little  nsed.  In  Fig, 
tS4  the  liberating  incision  c  rf  is  prolonged  from  the  edge  of  tbe  defect 
in  s  curved  direction,  and  here  also  a  second  curved  incision  from  b 
cm  be  employed  with  advantage  for  closiiig  tiie  defect  by  sliding  over 
it  I  portion  of  the  adjoining  skin.     In  Fig.  135  four  lateral  incisions 

■I  f  I  r  M  n  H^ 
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fki.  lU-pTOloDged  \B 


■e  made  for  closing  a  quadrilateral  defect.  This  principle  of  making 
kleni  incieions  or  prolonging  the  original  incisions,  followed  by  draw- 
bg  the  skin  over  Hic  ilcfcct.  is  capable  of  almost  endless  variations. 

TonnatioD  of  Flaps  with  PedicleB. — The  most  important  method  used 
ia  ph»tic  snrgery  consists  in  fashioning  flaps  which  have  a  pedicle — 
it,  cutaneous  flaps  which  remain  copnepte<]  with  tlieir  original  locality 
intheskin  by  means  of  a  bridge  or  pe<lic!e  through  which  they  are 
noariahed,  bnt  throughout  all  the  rest  of  their  extent  they  are  com- 
pletely separated  from  their  original  bed.  After  this  has  been  done 
Aifl^  is  laid  in  the  defect,  ae  illustrated  in  Fig.  136,  A.     In  Fig.  136 


144    OPERATIONS  FOR  HBMBDYINQ  DEFBCTTS  IN  THB  TISSUES. 

two  lateral  flape  are  faahioDed  (Fig.  136,  a)  and  placed  in  the  defec 
(Fig.  136,  b),  BQ  that  Fig.  136,  c,  reanlts  when  the  edges  of  the  woqdi 
are  nnited  by  eutures.     In  Fig.  137,  tt  b,  and  Fig.  138  are  Ulostnte) 


Fio.  1S8.— FormatioD  orcwolaural  flap«  ofali 


1 1  rl  1 1 

i  c 

and  b,  before,  e,  ifler,  inacrtiDg  the  Hjlanft 


the  method  of  performing  a  complete  rhinoplasty.'  For  details  and 
other  methods  of  performing  rhinoplasty  reference  is  made  to  th( 
Begional  Surgery. 

When  flaps  with  pedicles  are  used  care  mast  be  taken  that  the 
blood  supply  is  good  and  that  primary  union  is  obtained.  The  pedicle 
must  be  so  situated  tliat  as  many  vessels  as  possible  enter  the  flap ;  vai 
the  pedicle  must  not  be  too  narrow  or  too  thin.  The  flap,  partienlarij 
the  portion  constituting  the  pedicle,  is  freed  with  every  precaution  foi 
preventing  its  becoming  too  thin.     Moreover,  it  Is  important  that  the 


0.  1ST. — Rhiaoplaiitf :  a.  fyeahenlDj;  of  the  bordera  of  the  de- 
fect in  the  Bltin,  and  fRrmntLoa  of  the  pcar-shapH  flap  on 
the  forehead ;  i,  after  placins  the  flap  over  the  defect  in 


Fl8.   188.-    _.^ 

method  for  petfonmi 
thinaplaacy. 


part  representing  the  pedicle  should  not  t>e  subject  to  too  much  tensio 
when  the  flap  is  implanted  on  the  defect,  for  otherwise  the  natritio 
might  be  materially  impaired. 
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PJasdc  sm^ry  performed  with  flaps  having  a  pedicle  was  the  form 
bkh  it  was  eBpeciall;  used  by  Indian  sui^ons,  and  they  probably 
□ated  it. 

laps  Lave  also  been  fashioned  from  portions  of  the  body  widely 
ited  from  the  defect,  ae  we  shall  see  when  we  take  up  rhino- 

Tagliacozzi  (Taliaeotius,  1597),  a 
■ian  of  Bologna  living  in  the  sixteenth 
-y,  was  the  first  to  nse  a  flap  fashioned 
the  skin  in  the  bicepe  region  of  the 
ind  after  placing  the  arm  over  the 
defect  and  allowing  the  flap  to  lieal 
ifi  latter,  he  cut  the  flap  loose  by  divid- 
s  pedicle  (Fig.  ]39).  This  Italian 
d,  as  it  is  called,  is  only  applicable  to 
>seeptional  cases  in  which  good  mate- 
r  making  the  flap  cannot  be  obtained 
'  neighbonrhood  of  the  defect  The 
I  method  is  usually  performed  in  three 
:  (1)  The  formation  of  a  flap  which 
18  attached  by  two  pedicles ;  the  flap 
.rated  from  the  underlying  parts  after  making  two  lateral  inci- 
and  its  reunion  prevented  by  iodoform  gauze  or  oiled  silk  placed 
the  flap.     (2)  After  granulation  has  become  well  established  one 


[0  139 —luliiin  method  of  per 
forming  rliiuoplisly  (Tsglu 
cozzi  and  UrAefej 


;  is  divided,  and  the  flap  is  sutured  into  the  defect  (Fig.  139). 
ter  the  flap  has  healed  into  its  new  bed,  or  after  eight,  ten,  or 
m  days,  the  other  bridge  of  skin  or  pedicle  is  divided.     Graefe 
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Iia8  performed  the  Italian  method  in  one  sitting  by  bringing  the  flap 
directly  in  contact  with  the  defect  (the  German  method).  Bat  tb 
nutrition  of  the  fresh  flap  is  often  poor,  and  it  is  likewise  veiy  apt 
to  shrink. 

The  transplantation  of  pednncnlated  flaps  from  other  parts  of  tb 
body  has  of  late  come  more  into  nse  in  cases  where  skin-grafting  is  not  ^ 
possible.  By  this  method  a  conservative  treatment  of  severe  injniiei . 
on  the  extremities  can  be  carried  out  in  many  cases  where  it  used  to  \ 
be  impossible.  Pedunculated  flaps  from  the  chest,  for  example,  have 
been  transplanted  upon  fresh  or  granulating  defects  in  the  upper  ara  ' 
or  forearm  (see  Figs.  140  and  141),  and  have  thus  prevented  or  ov€^ 
come  contractures  of  the  elbow  joint  after  bums,  avulsion  of  tie 
skin,  etc. 

Granulating  Skin  Flaps.— Xot  only  fresh  but  also  granulating  bIob 
flaps  are  use<l,  as  we  have  seen,  especially  for  closing  congenital  defecti 
in  the  bladder  (ectopia  vesicae).  (See  R^onal  Surgery.)  For  closiog 
a  defect  in  the  wall  of  a  cavity,  as  in  ectopia  vesicae,  and  defects  in  the 
cavity  of  the  mouth  following,  for  example,  the  removal  of  a  cancel^ 
Plessing  has  recommended  the  use  of  flaps  covered  with  epidermii. 
After  fashioning  a  skin  flap  with  a  pedicle,  its  wound  surface  is  pro- 
vided with  epidermis  by  skin-grafting  (see  page  147),  and  then  the  fisf  \ 
is  allowed  to  heal  into  the  defect.  j 

Skin  Flaps  with  a  Pedicle  of  SubcutaneouB  TlMue — Oersuny's  Mefhoi  i 
— Gersuny  was  the  first  to  show  that  a  skin  flap  which  possessed  only  • 
a  pedicle  of  subcutaneous  tissue  would  receive  sufiicient  nourishmeol  j 
to  enable  it  to  be  used  for  plastic  purposes,  particularly  in  remedyii^  j 
defects  of  mucous  membrane.  The  flap  is  simply  turned  into  the  de-  j 
feet  like  a  door  on  its  hinges,  or  it  is  drawn  into  a  more  deeply  lying  j 
region  through  a  suitably  placed  slit  or  wide  button-hole. 

g  42.  Skin-grafting. — The  transplantation  of  skin  for  hastening  the 
skinning  over  of  granulating  surfaces  was  first  employed  by  the  Indian 
surgeons,  and  was  brought  into  use  again  by  Reverdin  in  1870.    A  , 
granulating  wound  in  which  the  coriura  is  entirely  absent  can  only  be- . 
come  covered  with  skin  by  gradual  ingrowth  of  the  latter  from  the  ! 
edges.     It  is  only  possible  for  skin  to  start  to  grow  outward  from  the  ! 
middle  of  a  granulating  surface  when  there  still  remains  in  this  ar*  ; 
remnants  of  the  rete  Malpighii  or  of  the  sebaceous  glands.     By  skin- 
transplantation  not  only  is  the  length  of  time  required  for  a  wound  to 
skin  over  shortened,  but  the  subsequent  cicatricial  contraction  iscoBr 
siderably  diminished.     Pieces  of  skin  containing  the  whole  thickness  d 
the  cutis  will  very  seldom  heal  in  place,  and  consequently  they  should 
consist  only  of  epidermis  and  a  part  of  the  cutis.     Krause's  method  i« 
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&  good  one.  A  strip  of  skin  (as  much  as  twenty  to  twenty-five 
centimetree  in  length  and  six  to  eiglit  centimetres  in  width)  is  taken 
from  the  thigh,  for  example,  and  tlie  defect  tlins  made  closed  bj 
s  cuntinnous  suture.  The  snbcntaneone  fat  is  then  removed  from 
the  Ktrip  of  skin,  and  the  latter  cut  into  two,  three,  or  more  pieces. 
Thene  pieces  of  skin  are  then  placed  on  the  wound  surface  and  made 
lo  adhere  by  slight  pressure.  The  factor  of  chief  importance  in 
tiiis  method  of  skin-transplantatiou  is  the  strictest  asepsis,  u  dry 
method  of  operating,  and  careful  preparation  of  the  wound  surface 
lo  be  covered.  Neither  the  transplanted  akin  nor  the  wound  surface 
sbonld  !«  treated  with  antiseptics,  lest  the  integrity  of  the  cells  be 

TbierBch'a  Hethod  of  Skin^rafting. — Thiersch's  method  is  the  one 
most  frequently  employed.  In  the  case  of  fresh  defects  the  skin  is 
Applioi  after  the  bleeding  has  been  completely  arrested,  but  in  granu- 
lating wounds  the  layer  of  granulation  is  first  removed  with  a  knife  or 
sharp  spoon.  It  is  jx)S8ib]e,  however,  to  graft  skin  on  to  a  granulating 
Korface,  especially  granulating  bone.  Moreover,  skin  can  be  grafted 
from  a  fresh  cadaver  before  the  onset  of  rigur  mortis,  or  from  a  limb 
which  baa  just  been  amputated.  Epidermis  celts  remain  aHve  for  a 
mrpriginglr  long  time  outside  the  body  if  they  are  kept  moist  in  ster- 
ile salt  solution  or  in  sterile  ascitic  fluid.  Ljungren  kept  pieces  of 
dda  from  two  days  to  more  than  three  months  in  sterile  ascitic  fluid, 
ind  used  them  successfully  for  grafting.  The  microscopic  examina- 
tion showed  that  the  epithelium  had  really  multiplied  by  karyokiiiesis. 
Wentficher  and  Enderlen  made  siinilar  observations.  Wentscher  kept 
tome  pieces  of  skin  in  sterile  salt  solution,  and  others  dry  in  a  closed 
bottle.  In  his  experiments  the  freshest  skin  that  was  grafted  succesa- 
fally  was  seven  days  old,  and  the  oldest  twenty-two  days. 

Thiersdi's  method  of  skin-grafting  is  as  follows  :  The  instruments 
to  be  used  are  sterilised  by  boiling  them  for  al>out  five*  minutes  in  a 
one-per^cent.  soda  solution  and  are  then  placed  in  a  sterilised  six-tenths- 
per-eent.  solution  of  common  salt.  Antiseptic  solutions  like  bichloride 
of  mercury  and  carbolic  acid  should  not  be  used,  as  they  endanger  the 
vitality  of  the  cells  in  the  pieces  of  skin  to  be  transplanted.  The  lat- 
t«-  are  taken  preferably  fnjin  the  arm  or  the  lower  extremity,  etc. 
The  area  of  skin  in  question  is  thoroughly  washed  with  sterilised  soap 
sDd  warm  water  and  shaved.  As  large  a  razor  as  possible,  or  a  micro- 
tome, is  covered  with  sterilised  oil,  and  while  the  skin  to  be  cut  is  put 
on  the  stretch,  cm  thin  flaps  as  poaaihl^  are  sliaved  off  from  it.  To 
secure  rapid  healing,  the  pieces  of  skin  should  be  laid  upon  a  wound 
£n>m  wluch  the  blood  has  been  removed  as  completely  as  possible 
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(Garr6).     I  mentioned  above  that  it  is  not  necessary,  as  Thiersch  first 
taught,  to  remove  the  granulations,  because  it  is  perfectly  possible  to 
graft  upon  a  granulating  surface  that  has  been  thoroughly  cleansed. 
The  very  thinnest  graft  contains,  besides  the  entire  thickness  of  the 
papillary  layer,  a  part  of  the  underlying  stroma.     In  this  way  piecei 
of  skin  ten  to  twelve  centimetres  long  and  two  centimetres  broad  can 
be  made  to  heal  into  their  new  position.     The  larger  grafts  are  carried 
upon  an  especially  broad  spatula  and  then  spread  out  over  the  wound 
with  a  probe.     Great  care  should  be  taken  that  the  edges  of  the  piece 
of  skin  do  not  roll  up,  and  the  separate  pieces  should  be  placed  next " 
one  another  with  their  edges  just  touching.     This  method  is  particu- 
larly valuable  for  fresh   cutaneous  defects  caused  by  operations  « 
injuries,  for  burns  in  the  stage  of  granulation,  for  ulcers  of  the  leg,  ; 
for  broad  and  deep  granulating  areas  following  operations  for  necrosis^  . 
etc.     After  removing  a  large,  soft  fibroma,  I  successfully  covered  wifli  i 
epidermis  almost  the  entire  hairy  portion  of  the  scalp  in  one  sitting  by  : 
Thiersch's  method  of  skin-grafting ;  I  also  made  a  large  permanent  i 
opening  into  the  left  pleural  cavity  for  empyema  and  tuberculosis,  and  i 
changed  it  into  a  gutter  by  use  of  the  same  method  (see  Regional  Su^ 
gery,  §  126).     In  short,  the  method  is  an  excellent  one.     Thiersch  has 
also  transplanted  the  skin  of  a  negro  upon  a  white  man  and  the  skin 
of  a  white  man  upon  a  negro.     The  negro's  skin  took  root  on  the 
white  man  with  exceptional  rapidity,  but  the  attempt  failed  in  the 
majority  of  cases  in  which  skin  was  transplanted  from  the  white  man 
on  to  the  negro,  no  matter  whether  a  granulating  or  a  fresh  wound  j 
surface  was  used.     It  is  interesting  to  note  that  the  portions  of  while  j 
skin  implanted  on  the  negro  gradually  turned  black,  and  vice  ver¥k  I 
The  histological  investigations  of  Karg  showed  that  the  pigment  doei  i 
not  originate  in  the  cells  of  the  rete  Malpighii,  but  is  brought  to  them ! 
by  the  wandering  cells  which  come  from  the  deeper-lying  portioni' 
of  tissue  ladcri  with  pigment  and  find  lodgment  among  the  cells  of  r 
the  rete.     Consequently  the  white  skin  implanted  on  the  negro  be- 
comes gradually  black,  and  the  negro's  skin  implanted  on  the  whit*  > 
man  becomes  white  from  ceasing  to  receive  deposits  of  pigment.    The  f 
pigment  particles  are  probably  identical  with  the  cell  granules  discos*  \ 
ered  by  Altmann  and  by  him  called  bioblasts,  and  are  probably  formed  f 
from  them  by  the  help  of  the  blood  in  some  unknown  way.     Accord-' 
ing  to  Jariseh,  the  pigment  of  the  negro's  skin  lies  almost  entirely  il; 
the  deeper  cells  of  the  rete  Malpighii  and  is  entirely,  or  almost  en- 
tirely, absent  from  the  more  superficial  cells. 

Dressings  after  Skin-grafting.— The  dressing  for  a  skin-grafted  arei 
should  be  one  which  does  not  adhere  to  its  surface,  as  the  pieces  ol 
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8kin  are  easily  torn  off  when*  the  dressing  is  changed.  In  place  of  the 
wet  dressings  of  oil  or  salt  solution,  which  were  at  one  time  in  general 
uae,  I  employ  dry  dressings — ^i.  e.,  I  sprinkle  the  grafts  with  iodoform 
or  dermatol  powder,  and  apply  rubber  tissue  with  holes  made  in  it,  or 
iodoform  gauze,  which  does  not  adhere  so  easily  as  sterile  gauze,  and 
later  I  use  dressings  of  boric  ointment.  On  the  extremity  careful 
immobilisation  is  necessary.  The  first  dressing  is  kept  on  for  from 
three  to  five  or  eight  days.  Great  care  is  necessary,  in  removing  the 
dressing,  not  to  disturb  the  grafts.  K  the  grafts  have  "  taken,"  the 
area  they  cover  presents  a  mosaic  appearance  due  to  the  separate  pieces 
of  skin  used  for  the  grafts.  Later  on  the  borders  of  the  separate 
pieces  of  skin  become  less  and  less  marked,  and  occasionally  become 
qnite  indistinguishable.  The  epidermis  generally  comes  off,  and  is 
liable  to  give  the  erroneous  impression  that  the  grafting  has  failed. 
Success  is  easily  prevented  by  suppuration  or  bleeding.  E.  Fischer 
has  made  the  interesting  observation  that  those  skin-grafts  become 
ittached  the  easiest  which  are  taken  from  and  transplanted  upon  parts 
irhich  have  previously  been  rendered  ansemic  by  the  use  of  Esmarch's 
rabber  l>andage. 

The  Histological  Changes  in  Skin-grafting  are  in  general  the  same  as  in 
yrimsLry  union  of  a  wound.  The  transplanted  piece  of  skin  is  at  Rrst  passive, 
Mit  from  the  third  day  on  it  becomes  supplied  with  blood  by  vascular 
(prouts  from  the  wound.  In  spite  of  this  interruption  for  two  days  in  the 
nrculation,  most  of  the  tissue  elements  of  the  graft  remain  alive  ;  only  the 
lomy  layer,  a  portion  of  the  rete  Malpighii,  and  most  of  the  vessels  die. 
Pram  the  third  to  the  fourth  day  on  the  graft  takes  an  active  part  in  healing 
n  place ;  the  epithelial  cells,  including  those  belonging  to  the  divided  hair 
follicles  and  gland  ducts,  send  out  proliferations  of  cells  into  the  underlying 
»adate.  In  about  fourteen  days  the  granulation  tissue  is  replaced  by  con- 
nective tissue.  The  subepithelial  layer  arising  from  the  granulation  tissue 
formed  from  the  wound  surface  is  the  real  cicatrix.  Complete  union  of  the 
nnsplanted  skin  on  to  its  new  bed  requires,  however,  several  weeks  and  some- 
imes  months,  and  we  must  wait  this  length  of  time  before  subjecting  the 
lew  skin  to  external  injurious  influences,  otherwise  it  may  break  through, 
icoording  to  Enderlen  the  Thiersch  grafts  do  not  show  a  liberal  supply  of 
elastic  fibres  until  one  and  a  quarter  to  one  and  a  half  years  afterward, 
rhe  greater  part  of  Krause's  graft  (see  page  146)  dies,  and  is  gradually 
^placed  by  newly  formed  tissue,  which  corresponds  in  shape  to  the  trans* 
>Ianted  skin,  and  even  contains  newly  formed  papillae.  A  cicatrix  of  this 
art  on  account  of  its  firmness  and  slight  tendency  to  contraction,  is  much 
«tter  than  the  usual  scar. 

Wdlfler^s  Transplantation  of  Mucous  Membrana— Wolfler  (see  Langen- 

Bck's  Archiv,  Bd.  xxxvii)  has  successfully  transplanted  mucous  membranes 
iken  from  man  and  animals  upon  defects  in  various  nmcous  membranes, 
is  method  is  to  be  greeted  as  a  new  and  valuable  advance  in  the  treatment 
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of  defects  in  mucous  membrane,  such  as  strictures  and  defecU  in  the  urethra, 
conjuuctiva,  cheek,  etc.  Gersuny,  Witzel,  and  others  have  remedied  defects 
io  mucous  membranes  by  turning-  in  flaps  of  skin  possessinga  pedicle  of  sub- 
cutaneous tissue  only  (see  page  146). 

ImplaBtatioil  of  Hair. — St^hweuninger  mid  Nussbaum  liave  attempted  to 
implant  hair  by  strewiiig  it  over  a  granulating  area  where  there  has  been  a 
loss  of  skin.  If  the  root  sheath  still  remained  attached  to  the  hair,  it  became 
adherent  and  formed  a  centre  from  which  cicatrisation  proceeded,  but  the 
hair  itself  fell  out  after  a  few  days.  Hairs  without  their  root  sheath  did  not 
become  atlat'lied  at  all. 

Hangoldt's  Method  of  Sku-grafting. — Mangoldt  recommeuda  acrupin^ 
the  sterilised  skin  with  a  razor,  down  to  the  papillary  layer,  and  spread- 
ing the  mixture  of  epithelial  cells  and  blood  thus  obtained  upon  a  cle&n 
bloodless  non-gran ulatiug  wound.  I  have  tried  this  method  and  can  recom- 
mend it. 

TmuplaBtatiou  of  Skin  and  Kuooob  Membrane  from  AnimulB  {Rab- 
bits.  Frogs). — The  skin  and  mucous  membranes  of  auimals  have  also 
been  successfully  transplanted  (]|tuii  man.  The  conjunctiva  of  a  rabbit 
has  been  successfully  grafted  in  a  defect  of  the  human  eyelid.  Bara- 
toux  and  Dubousquet-Laborderie  havo  succeeded  in  implanting  the  skin 
of  frogs  upon  granulating  wounds  in  man.  The  pigment  disappeared  after 
ten  davs,  and  the  graft  took  on  more  and  more  the  appearance  of  human 
skin. 

§  43.  Plartio  Operatdona  on  other  Tusnei  {Ten<lonfi,  Nervee,  Jfun- 
clea.  Bones). — Plastic  operations  and  graftings  are  performed  not  only 
npon  the  external  cutaneous  surface  of  the  body,  Itut  also  upon  otlier 
tissues,  such  as  tendons,  musclea,  nerves,  and  bones.  We  sliall  refer 
to  tliis  in  detail  later  on.  At  present  the  following  brief  aecount  will 
suffice :  Defects  or  loss  of  substance  in  a  tendon  can  be  i-einedied  by 
cutting  flaiw  with  pedicles  from  one  or  both  divided  ends  of  the 
tendon  and  bendiug  them  back  and  uniting  them  by  means  of  snturee 
of  catgut. 

Loss  of  substance  in  a  tendon  may  also  be  remedied  by  filling  the 
intervening  space  with  threads  of  catgut  or  silk,  which  act  as  a  frame- 
work for  the  tendon  tissue  that  is  to  be  newly  formed.  The  same 
method  can  bo  used  in  the  case  of  nerves.  Attempts  have  been  made 
to  remedy  defects  in  nerves,  muscles,  and  tendons  by  means  of  corre- 
siwnding  tissues  taken  from  animals— a  rabbit,  for  instance.  But  these 
transplanted  portions  of  nerves,  tendons,  and  muscles  never  heal  in 
place  permanently  as  such.  The  transplanted  portion  of  a  nerve  acts 
merely  as  a  guide  for  the  newly  formed  nerve  fibres  growing  from  the 
proximal  toward  the  distal  end  of  the  injured  nerve.  A  transplanted 
portion  of  muscle  is  always  c^t  off  or  is  absorbed  (Volkraann). 

Defects  in  bone  have  been  remedied  by  livini;  and  dead  bone.  The 
best  method  of  osteoplasty  consists  in  the  use  of  a  pedunculated  flap 
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eoDtaining  skin,  periosteum,  and  bone,  or  merely  periosteum  and  bone. 
Defects  may  also  be  filled  in  with  completely  separated  pieces  of  living 
bone,  or  with  different  kinds  of  non-living  material.  Thus,  use  has 
been  made  of  pieces  of  bone  taken  from  young  animals  or  children, 
iko  of  decalcified  bone,  sterile  bone,  charcoal,  ivory,  and  of  celluloid 
plates  for  defects  in  the  skull.  For  filling  up  cavities  in  bone,  harden- 
ing materials  have  been  used,  such  as  plaster  of  Paris,  copper  amalgam, 
and  Richter's  cement. 


SECOXD  SECTIOy. 
THE  METHODS  OF  APPLYING  SURGICAL  DRESSINGS. 


CHAPTER  I. 

THE   ANTISEPTIC   Ain>   ASEPTIC   PROTECTIVE   DRESSIKOS   FOB   WOUNDS. 

General  principles  governing  the  antiseptic  and  aseptic  dressing  of  woonds. — Historr. 
— The  typical  Lister  dressing;  its  simplification. — Antisepsis  and  asepsis.— The 
most  commonly  used  antiseptic  or  aseptic  dressing  materials  (gauze,  cotton,  jute, 
lint,  wood  fibre,  moss,  etc.). — The  different  antiseptics;  their  uses  and  danjen 
(poisoning  from  carbolic  acid,  bichloride  of  mercury,  iodoform,  etc). — Which  anti- 
septics are  of  value  f — Which  antiseptic  and  aseptic  methods  of  dressing  are  the 
bestf — Antiseptic  and  aseptic  change  of  dressings. 

§  44.  Oeneral  Prinoiples  governing  Antiseptic  or  Aseptic  Dressings— 

After  learning,  in  the  previous  section,  the  main  principles  governing 
the  modem  aseptic  method  of  performing  operations,  we  come  to  the 
question  of  what  dressings  should  be  used  for  covering  the  wound, 
and  the  discussion  of  the  methods  of  applying  surgical  dressings.  It 
is  a  part  of  surgical  technique  which  requires  indefatigable  diligence 
and  care.  A  correct  application  of  the  dressings,  and  a  carefully  con- 
ducted after-treatment  of  those  who  have  been  operated  upon  or 
wounded,  are  matters  of  the  greatest  importance. 

As  we  are  aware  that  all  infection  of  the  wound  is  caused  by  micro- 
organisms, by  the  omnipresent  bacteria,  it  follows  that  we  should  con- 
duct the  after-treatment  of  the  wound  in  such  a  way  as  to  preserve  it 
from  the  damaging  effects  produced  by  micro-organisms,  and  with  the 
same  care  that  is  used  in  performing  an  aseptic  operation. 

The  surest  and  simplest  way  of  preventing  subsequent  infection  in 
a  clean,  aseptic  wound — such  as  one  resulting  from  an  operation — ^is  to 
cover  it  with  a  germ-free  dressing  which  has  been  sterilised  by  het 
steam  (see  pages  15,  16).  In  private  practice,  dressings  are  still  mucli 
used  which  liave  been  impregnated  with  antiseptics  like  carl)olic  acid 
and  bichloride  of  mercury.  That  nietlioil  of  treating  a  woimd  is  the 
best  which  offers  the  greatest  security  against  subsequent  infection  an( 
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fflMt  readily  carries  off  and  absorb*  the  discharge  from  the  wound.  I 
ffe  operate,  without  eseeption,  aceording  to  the  rules  of  asepsis,  and  I 
mnseijuentlT  the  same  preventive  measures  should  be  carried  out  ia  1 
the  after-treatment  of  the  wound  until  it  has  become  entirely  healed.  I 
Infected  wounds  are  to  be  cleaned  as  perfectly  as  possible  from  any  1 
dirt  or  foreign  bodies  which  may  Ije  present,  and  are  best  disiufectadl 
bva  1  to  1,000  solution  of  liichloride  of  mercury.  I 

Historical  Aemarks  on  the  Listerian  Hetliod  of  treating  Wounds.— The! 
■nii^litj  as  wdl  us  ibe  aseptic  occlusive  (Iressiug'  for  wounds  hus  advanced  J 
ceT7  ^railualljr  to  its  present  state  of  perfection.  Lister  began  tlte  use  of  his  ' 
Miliicptic  occlusive  ilressins  at  the  Glasgow  hoepiUil  in  1865,  and  published 
his  (iwl  communication  on  the  subject  in  1867.  Thiersch  was  the  fii-sl  Get^ 
mnnsurgeon  to  bring  into  notice  Lister's  antiseptic  method  of  treating  wounds, 
dncribijig  it  in  hia  work  on  the  repair  of  wounds.'  Then  followed  the 
iributiutia  uf  Scbultz  and  Yon  Lesser,  who  had  in  Edinburgh  itself  made  them- 
k1t(s  ftuniliar  with  List«r's  methods  and  praised  them  very  highly.  Even 
before  Lister's  discovery,  antiseptics,  especially  carbolic  acid,  had  been  used 
Turdreffliugs,  but  to  Lister  belongs  the  immortal  honour  of  having  conceived 
«iiii  intelligently  carried  out  the  aseptic  method  of  operating  and  of  apply- 
ing dressings  by  the  use  of  which  it  ia  possible  to  keep  fresh  wounds  from 
infection.  In  IS73-'73  Ihc  tirst  trials  were  made  in  Germany  with  the  Lister 
drr«lng.  In  the  German  liturgical  Congress  of  1874  Vollcmann  reported  his 
exprrietices  with  the  Lister  dressing,  and  in  1875  he  published  his  "  Beitriige 
Mr  Chimrgie,"  in  which  were  described  the  remarkable  and  hitherto  unheard- 
of  successes  obtained  by  the  use  of  Lister's  method  of  operating  and  applying 
dncsings.  In  187i-'7B  the  Listerian  method  came  into  general  use  in  Ger- 
nwiiy.  and  then  started  on  its  triumphant  progress  over  the  entire  civilised 
world.  Never  was  surgery  so  radically  changed  for  the  l)etter  as  after  tho 
irilriNluction  of  Lister's  method  for  the  treatment  of  wounda  In  the  very 
)K«pitals  where  the  infectious  wound  diseases  had  raged  the  worst  during  tha 
preantlfeptic  period,  the  severest  operation  wounds  and  injuries  now  healed 
u|)  without  suppuration  and  without  secondary  disease.  After  such  remark- 
able success,  the  opponetits  of  the  method  who  arose  here  and  tliere  were 
foweil  lo  give  up  the  contest 

Tlie  Original  Typical  Lister  Dnssin^.— The  typical  Lister  dressing  used 
si  fimt  was  applied  in  the  following  manner :  The  disinfectant  was  carbolic 
Bcid.used  in  a  two-and-a-half- to  three-per-cent  solution  for  non-infected,  and 
in  ■  four-  to  Dve-per-cenL  solution  for  infected  wounds.  Lister  covered  the 
vound.  or.  rather,  the  suture  line,  with  carbolic  acid  and  paralllne  spread  on 
"iled  silk,  the  whole  being  called  a  "  protective  "  for  keeping  the  irritating 
xubetanccs  in  the  dressings  away  from  the  wounil.  The  protective  was  made 
of  green  silk  cloth,  painted  over  with  shellac,  and  covered  on  one  side  with  a 
mixture  of  one  part  dextrin,  two  parts  pulverised  ntarch,  and  flfteen  parts  of 
■  flre-per-cent.  carbolic-acid  solution.  Before  using,  the  protective  was  dis- 
rtwi  by  a  three-per-cent  carbolic  solution.  The  green  colour  of  the  pro- 
s  changed  to  black  by  decomposition  of  the  wound -secretion,  which 
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was  a  matter  of  practical  iniportaace  for  determiuing  whether  the  wound  was 
perfectly  aseptic  or  not,  Beeidefi  the  silk  protective,  a  cotton  protective  was 
also  in  use.  Over  the  protectives  Lister  placed  eight  or  more  layers  of  dry 
gause  impregnated  with  carbolic  acid,  aud  between  the  two  outermost  layers 
be  inserted  a  water-tight  material  made  of  cotton  and  gutta-percha  (mack- 
intosh). The  layers  of  carbolised  gauze  extended  some  distance  beyond  the 
limits  of  the  wound,  particularly  when  considerable  discharge  was  expected. 
Lister  used  carbolised  gauze  bandages  instead  of  the  ordinary  strong  muslin 
bandages.  He  impregnated  them  with  carbolic  acid  in  the  same  way  as  the 
gauxe  compresses  used  in  the  dressing.  The  typical  Lister  dressing  was 
always  put  on  aud  changed  in  the  early  daj's  under  the  carbolic  spray  (see 
page  14). 

Improrementa  in  the  Original  Lister  Dresainff. — Very  soon  after  its  intro- 
duction, Listtir's  carboliaeii  gauze  dressing  was  materially  simplified  and  im- 
proved, particularly  by  U-eriiian  surgeons.  The  carbolic  spray  used  during 
the  change  of  the  dressings  was  done  away  with,  also  the  protective  and  the 
mackintosh.  The  wound  is  now  covered  only  with  aseptic  dressings,  and 
stress  is  laid  upon  the  importance  of  having  the  secretion  from  the  wound 
dry  quickly  in  the  dressing.  In  place  of  the  dressings  impregnated  with 
antiseptics,  we  now  use  those  which  have  been  sterilised  by  steam  at  a  tem- 
perature of  1(10°-130''  C.  The  use  of  antiseptics  has  been  curtailed  more  and 
more.  The  instruments  are  sterilised  by  boiling  them  for  five  minutes  in  a 
one-pei'-cenL  soda  solution,  and  bichloride  of  mercury  1  to  1,000-G,000  is  used 
as  the  antiseptic  for  the  wound.  Sterilised  water,  or  a  sterilised  six-teuths- 
per-cent.  solution  of  common  salt,  is  used  a  great  deal  during  operations,  par- 
ticularly in  the  poritooeal  cavity,  etc.  (see  §  li>, 

§  45.   The    Host    Common    Antiseptic    aad    Aseptic    Dressing    for 

Wonndi, — The  modern  BnrgeoQ  uses  partioulariv  : 

1.  Antiseptic  solutions  for  cleansing  the  wound  and  for  disiufect- 
ing  the  materials  used  in  the  dressings.  Tlie  most  suitable  are  three- 
to  five-per-cent.  solutions  of  carbolic  acid,  and  aqueous  solutions  of 
bichloride  of  mereiirj{l  to  l,0l>(j-5,000).  He  also  uses  antiseptic  pow- 
ders, such  AS  iodoform,  dermatj:)l,  bismuth,  and  naphthalene,  for  dust- 
ing over  wounds,  especially  if  they  have  the  form  of  a  cavity  or  are 
not  closed  by  sutures,  or  are  already  suppurating  or  granulating. 
Instead  of  antiseptic  sohitions,  sterile  salt  solution  and  sterile  water 
are  used  ujwn  the  wound. 

2.  Absorhent  inateyials,  sucli  as  unstarched  gauze,  ranll,  jute,  pre- 
pared moss,  wood  wool,  my  own  specially  prepared  wool,  and  cotton 
from  which  all  fatty  matter  has  l>eeri  extracted.  These  are  steriHeed 
by  subjecting  them  to  steam  heat  at  a  temperature  of  I00°-I30''  C. 
in  a  sterilising  apparatus. 

The  dressing  materials  impregnated  with  antiseptics,  like  earl)o- 
lised  and  bichloride  gauze,  were  formerly  in  very  general  use;  but  it  ia 
simpler  and  better  to  sterilise  them  all  by  heating  them  as  just  described, 
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at  a  temperature  of  lOC-lSO"  C.  in  a  sterilising  apparatus.  More- 
over, it  has  been  proved  that  dressing  materials  impregnated  with 
aatisepticg  and  kept  in  a  dry  condition  do  not  remain  sterile,  but  after 
g  time  all  sorts  of  bacteria  have  been  cultivated  from  them  (Schlange, 
Ehlere,  and  others). 

The  modem  sui^on  no  longer  uses  for  dressing  wounds  the  mate- 
riil  called  (.•liari)ie,  which  was  formerly  much  in  vogue,  and  consisted 
of  bundles  of  thread  made  by  pulHag  to  pieces  bits  of  linen  cloth. 
This  cbarpie  ha£  caused  much  harm ;  it  was  full  of  dirt  and  wound 
jiutDODfi,  and  consequently  has  killed  many  a  patient  by  exciting  sup- 
puntion  and  infectious  wound  diBeaees  (erysipelas,  pyiemia,  septi- 
cctoia). 

The  dreeemg  materials  are  fastened  in  place  by  mull  bandages  which 
Imve  been  soaked  in  a  three-per-cent.  carbolic  or  1  to  1,000  bichlo- 
riile  «olution,  and  ganze  bandages  are  applied  over  these.  The  band- 
age* gubsequeutly  dry  and  cause  the  whole  dressing  to  form  a  tirni,  well- 
tilting  support.  When  it  is  necessary  to  immobilise  an  extremity,  ibe 
dressing  may  be  strengthened  by  adding  splints  of  wood,  metal,  wire, 
or  tliin  pliable  wooden  hoops. 

l)f  the  numerous  materials  used  for  making  aseptic  and  anti- 
§e]iiii;  dressings,  the  following  are  in  most  common  use  : 

Hull  or  Osnze. — Tlic  most  extensively  employed  material  is  soft,  unflu- 
iilinl  gnuie  or  niuil.  Mull  is  a  most  excellent  substance  for  dressings,  beiii^ 
»(I  imd  a  gofid  absorbent,  but  js  somewbat  expensive.  It  is  impregnated 
Willi  every  kind  of  antiseptic,  particularly  bichloride  of  nieroury,  carbolic 
Kill,  and  iodoform,  but  it  is  best  sterilised  by  subjecting  it  to  steam  beat  at 
lOO'  0,  (212^  F.).  as  we  have  described.  For  the  method  of  preparing  tliis  or 
Hut  {MirticulHr  kind  of  antiseptic  game — e.  g..  carboliaed,  or  bichloride,  or 
iirfnfonn  ir«n«>,  etc.— reference  is  made  to  the  description  of  the  various  anti- 
wpiics  which  is  given  farther  on. 

1  »lber  and  chwiiMir  nialcrials  are  recirni mended  as  substitutes  for  the  more 
"peiiHive  mull :  these  are  jute,  moss,  prepared  moss,  wood  wool.  etc. 

Cottoa— Cotton  is  not  suitable  for  placing  directly  upon  the  wound,  as  it 
•li-™  not  KutHeiently  absorb  the  secretion  from  the  wound,  and  allows  it  to 
iiiliwi  underneath  and  dct-oinpoae.  Bui  after  covering  the  wouuii  with  a 
tbirk  Uycror  some  absorbent  material,  like  mull  or  the  author's  preiiared 
•uol,  it  is  then  n  goi»d  plan  to  use  dry  colt»in,  which  bus  been  freetl  from 
fal.  m  thi-  outenniist  eovering  of  the  dressing. 

Lint— Lint  has  been  nmnufactureil.  especially  in  England,  since  about 
ihpbfirinningof  the  present  century  In  combination  with  antisejitic  sub- 
uaniM^.  eRpeeially  boric  acid  (making  boric  lint),  it  is  very  nmch  used  as  an 
uitiw-plic  uiuterial  for  dressings. 

JntC— Jute,  also  tailed  Indian  hemp.  oonsisU  of  the  woody  fibres  of  the 
dilTrrrnt  kinds  of  enrchoms.  pariicnlnrly  the  Corrhoni*  eapaulans.  a  plant 
(he  Rft  Indies  and  China.     It  is  an  excellent  substitute  for 
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ton.    It  is  best  used  in  the  shape  of  jute  pads — that  is,  jute  sewed  up  in  bags 
of  sterilised  gauze. 

Flax. — Flax  is  recommended  by  Medwedew,  Makuschina,  and  others.  It 
is  usually  made  up  into  small  bundles,  which  are  boiled  in  lye  for  three 
hours  and  then  left  to  stand  in  the  same  liquid  for  eight  to  ten  hours  longw. 
After  washing  it  five  to  seven  times  in  clean  water,  the  flax  is  dried  and 
combed,  and  finally  becomes  a  completely  white,  soft,  and  delicate  material 
which  is  very  absorbent,  and,  like  jute,  is  used  in  the  form  of  small  pads. 
Flax  is  about  five  or  six  times  cheaper  than  cotton. 

Peat. — Neuber  recommends  peat,  having,  by  chance,  observed  a  com- 
pound fracture  of  the  forearm  which  healed  perfectly  under  softened  peat 
which  had  been  applied  to  it  Peat  dressings  have  now  gone  entirely  out 
of  use. 

Peat  Cotton. — Redon  has  made  from  peat  a  material  like  cotton,  or 
rather  tow,  which  Lucas-Cham poniere  considers  suitable  as  a  dressing  for 
wounds,  on  account  of  its  softness,  its  great  power  of  absorption,  and  its 
cheapness. 

Mobs. — Leisrink  recommends  ordinary  moss  a^  a  most  excellent  material 
for  dressings,  combining  in  itself  all  the  advantages  which  a  dressing  should 
possess.  It  is  soft,  has  great  power  of  absorption,  and  is  cheap.  The  dry 
moss  should  be  sterilised  by  heating  it  to  a  temperature  of  100®  to  130°  C.  and 
then  placed  in  the  dry  state  in  sterilised  gauze  bags.  The  wound  is  covered 
with  dry  sterile  gauze.  Hagcdoru  has  also  recommended  moss  as  a  good 
material  for  dressings.  The  moss  should  be  collected  from  the  woods,  picked 
apart,  dried,  and  then  heated  in  an  oven  for  several  hours  at  a  temperature 
of  100°  to  130°  C. 

Mo88  Felt. — Leisrink  has  recommended  tablets  of  moss  felt  in  the  place  of 
moss  cushions.  The  preparation  of  the  felt  is  as  follows :  The  freshly  gath- 
ered moss  is  pulled  apart,  waslied,  and  then  steeped  in  water,  after  which  it 
is  made  into  felt  and  put  in  a  press.  According  to  the  greater  or  less  amount 
of  moss  used,  thick  or  thin  tablets  are  made  which  consist  of  hard  orsoftfeU 
depending  upon  the  pressure  exerted  upon  the  pulp.  The  dried  felt  can  be 
sewed  up  in  gauze  bags  of  different  sizes  and  shapes.  Hagedorn's  moss  pulp 
and  moss-gauze  pulp,  soaked  immediately  before  use  in  sterilised  salt  solu- 
tion, water,  or  bichloride,  are  excellent  materials. 

Wood  WooL — P.  Bruns  and  Walcher  use  for  dressings  wood  wool  or 
wood  which  has  been  rubbed  into  small  particles  by  a  grindstone.  This 
material  has  great  powers  of  absorption,  is  light,  soft,  and  cheap.  Wood 
wool  is  packed  into  gauze  bags,  and  used  for  dressings  in  the  shape  of  wood- 
wool cushions.  This  dressing  is  simplified  by  combining  with  the  wood  fibre 
a  twenty-pcr-cent.  admixture  of  ordinary  cotton  wool,  thus  rendering  the 
preparation  of  wood-wool  cushions  superfluous.  The  wood-wool  dressings 
are  remarkable  for  their  groat  absorptive  powers,  and  they  can  be  left  in 
place  upon  large  wounds  for  two  to  three  weeks,  and  the  secretions  from  the 
wound  will  become  dry  during  this  time.  The  wound  is  covered  with  a 
layer  of  gauze  in  order  to  prevent  the  dressing  from  adhering. 

Wood  Fibre. — Kiinunel  lias  recoinni ended  wood  fibre  for  an  antiseptic 
dressing  material.  It  is  made  from  j)ine  or  fir  needles,  and  forms  a  dry, 
green  substance  made  up  of  line  fibres.     It  is  sewed  up  into  gauze  bags. 
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Wood  Wadding, — Rounberg  rccommeniJs  wood  wadding,  which  is  a  sul>>  H 
aLure  nuuie  during  the  process  of  manufucturiiig  [Mj^er.  It  is  pure  cellulos8,fl 
ura  brown,  vnkuly  material  iu  a  Uuely  divided  state.  H 

Karty  8onp& — Tolmatsehew  bas  reL-ommeudeil  niarl.y  scraps  as  an  ez-H 
it<iinely  cheap  material  for  dressings.  It  is  a  pr<>du<;t  in  the  manufacture  of  fl 
mnrly  or  Scotch  gauze,  and  consists  of  tliready  scraps  made  in  tearing  olE,H 
bnaied  threads.     Wolynzer  recommends  asbestos.  H 

Paper  WooL — I  can  recommend  paper  wool  as  an  excellent  absorbeatfl 
maWrial.  and  one  which  forms  a  soft  dressing,  very  comfortable  for  theH 
patient.  It  is  made  in  the  manufacture  of  pa[>er  from  cloth  and  is  cheaper  B 
llmu  Diull.  S 

Maas  claims  that  the  absorbent  powers  of  dres.<<ingB  can  be  increased  very  fl 
pHwptibly  by  the  addition  to  them  of  sucb  hygroscopic  subslauces  as  gly-'H 
cerine  or  common  salt,  and  thus  those  dressings  which  have  hut  little  powar  fl 
of  absorption,  such  as  cotton,  tow,  jute,  etc.,  can  he  materially  improved~«H 
oonsideratiun  which  would  be  of  much  value,  particularly  during  war  times.  H 

Qiam  WooL— Glass  wool,  a  substance  having  very  delicate  fibres  and  fl 
(uily  sterilised,  was  at  one  time  used  in  place  of  Lister's  protective  for  cov-  S 
wiug  the  wound.  H 

§  4I1.  The  Different  A&tiaepticR. — Of  the  various  antiseptics  which  ■ 
are  era  plowed  iu  the  treatment  of  wonnds  aad  for  dressing  purposes,  J 
carbolie  acid  and  bichloride  of  mercury  are  the  most  widely  used. 
Carbolic  acid  is  the  antiseptic  which  is  most  intimately  connected  with 
the  reform  in  modern  surgery,  and  was  cliosen  by  Joseph  Lister  from 
among  all  the  antiseptic  drugs  known  at  that  time  as  the  best  adapted 
for  carrying  out  his  new  methods.  Since  the  introduction  of  afepsia 
the  employment  of  antiseptics  has  diminished  a  great  deal.  _ 

Carbolic  Aa^.—CarMin  aeul  or  jyhernd  (C,H,0)  was  isolated  by  ■ 
Kniitce,  in  1834,  from  coal  tar.  It  forms  colourless  crystals,  and  ifl  I 
tolatile,  very  caustic,  and  soluble  at  ordinary  temperature  in  15  parts  * 
water.  It  is  very  poisonoas  to  animals  and  plants.  It  is  ordinarily 
ni««i  in  the  form  of  a  two-and-a-half-  to  three- pei--cent,  aqueous  solu- 
tion for  cleansing  a  wound,  disinfecting  instruments,  for  washing  out 
pads  or  sponges  during  an  operation,  for  a  spray,  or  for  the  hands. 
Tlte  stronger  five-per-cent,  solution  is  used  for  wounds  already  infected, 
Init  always  with  caution  on  account  of  tlie  danger  of  poisoning.  The 
(ive-per-cent.  solution  should  invariably  be  sul)sequently  washed  away 
by  u  three-per-cent.  solution.  Moreover,  the  three-  to  five-pcr-eent, 
solutions  are  serviceable  for  disinfei'ting  the  field  of  operation,  for 
storing  sponges,  silk,  cjitgut.  etc.  Five-  to  ten-per-cent.  carbolised 
(tlycerine  is  used  in  the  same  way,  Laplace  bas  increased  the  soln- 
bilitv  and  the  disinfecting  power  of  carbolic  acid  by  the  addition  of 
erode  sulphuric  acid  ;  he  forms  a  mixture  consisting  of  twenty-live- 
pw-oent.  erode  carbolic  a«id  with  an  equal  amount  of  crude  sulphuric 
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acid  of  a  similar  strength,  and,  after  heating  it,  allows  the  mixture  to 
cool  off.  The  same  result  is  obtained  by  the  addition  of  a  two-per- 
cent, solution  of  hydrochloric  acid.  At  present  we  avoid  washing  oat 
a  wound  with  a  three-  to  five-per-cent.  solution  of  carbolic — a  practice 
which  was  formerly  much  in  vogue — as  we  now  know  that  it  is  unne- 
cessary and  even  dangerous  in  the  case  of  large  wounds.  It  should 
always  be  borne  in  mind  that  carbolic  acid  is  a  powerful  irritant  to  the 
tissues,  and  is,  furthermore,  poisonous.  Children  and  anaemic  and 
cachectic  individuals  are  particularly  prone  to  carbolic-acid  poisoning. 
A  warning  should  be  given  here  against  the  prolonged  use  of  wet 
dressings  of  one-  to  live-per-cent.  carbolic.  Gangrene  may  eaaly 
result  from  their  use,  particularly  on  the  fingers  and  toes. 

Carbolised  Olyoerine. — Carbolised  glycerine  is  an  excellent  disin- 
fectant for  instruments  and  the  hands  of  the  operator.  It  consists  of 
glycerine  containing  ten  to  twenty  per  cent,  of  carbolic  acid.  We 
smear  the  finger  with  five-per-cent.  carbolised  glycerine  or  carbolised 
vaseline  for  making  rectal  or  vaginal  examinations. 

Carbolised  Gauze. — Carbolised  gauze,  which  was  at  one  time  used  a 
good  deal,  is  prepared  as  follows :  500  grammes  of  gauze  is  impreg* 
nated  with  a  mixture  containing  1,000  parts  alcohol,  200  parts  colo- 
phonium,  20  parts  castor  oil,  and  50  parts  carbolic  acid. 

Carbolio-Acid  Poifloning.— Carbolic  acid  is,  as  has  been  said,  poisonous, 
and,  even  when  used  externally,  can  produce  dangerous  symptoms  which 
may  terminate  in  death.  I  once  saw  a  very  rapidly  fatal  case  of  poisoning 
in  a  student.  A  friend  gave  him  a  teaspoonful  of  five-per-cent  carbolic 
acid  by  mistake,  and  unfortunately  the  stomach  pump  was  not  used  by  the 
physician  called  in.  In  another  similar  case  the  patient  was  saved  by  imme- 
diately washing  out  the  stomach. 

The  symptoms  of  carbolic-acid  poisoning  are  headache,  dizziness,  nausea, 
and  vomiting.  The  change  in  the  colour  of  the  urine  to  olive  green  or  black 
is  an  important  symptom  in  making  the  diagnosis.  But  the  intensity  of  the 
poisoning  bears  no  constant  relationship  to  the  intensity  of  the  discoloration 
of  the  urine.  With  even  strikingly  dark  urine  the  patient  m%y  feel  v^ 
well.  The  carbolic  acid  is  found  in  the  urine  in  the  form  of  phenol-sul- 
phuric acid.  In  the  most  severe  cases  there  ensue  bloody  diarrhcea,  haemo- 
globinuria,  and  symptoms  of  collapse,  and  convulsions  caused  by  the  increaaed 
reflex  excitability  of  the  spinal  cord  (Salkowsky,  Gies) ;  then  follows  t 
marked  fall  of  temperature,  the  pupils  react  slowly  or  not  at  all,  the  respirar 
tion  becomes  superficial,  consciousness  is  lost,  and  death  takes  place  from 
paralysis  of  the  va.somotor  centre  in  the  medulla.  In  the  case  of  children 
and  weakly  individuals,  the  external  application  of  carbolic  acid  should  be 
used  with  great  caution.  Furthermore,  many  apparently  strong  individuals 
are  very  susceptible  to  tliis  drug. 

Clinically  two  distinct  forms  of  phenol  poisoning  are  recognised — acutB 
carbolic-acid  poisoning,  and  the  chronic,  which  takes  the  form  of  a  maras* 


THE  DIFPERBNT  ANTISBPTIOS. 

mu«  (Falkson.  Czemy,  Kiister).  The  cbronic  poisoning  is  characterised  by 
lieadache,  hiccough,  debility,  &Dd  loss  of  appetite — symplums  which  were  of 
lr«queiit  occurrence  among  surgeons  who  operated  very  niucli  under  the 
orbolic  spruy.  Falkson  assisted  at  an  operation  for  two  and  a  half  hours 
■here  a  two-per-cent  carbolic  spray  waa  used,  and  in  the  following  twenty- 
four  hours  lie  found  2,0f!  grammes  of  c;arboli<.'  acid  in  bis  urine,  an  aniouDU 
rourteen  times  greater  tliun  the  maximum  dose  of  0.15  gramme  allowed  byfl 
Ibn  rharmarojjceia,  ^ 

Detectioii  of  Carbolic  Add  in  the  Viine.— Millon's  reagent  (a  solution  ot 
mercury  in  ordinary   fuming  nitric  a.cidl   and   bromine  water  give  a  very 
nsirful  reaction  with  carbolic  acid  Hftrr  the  urine  has  been  previously  acidu- 
latrd  with  hydrochloric  or  sulphuric  acid  and  then  distilled.    Carbolic  urine 
mumes  a  violet  colour  upon  tlie  addition  of  chloride  of  iron,  and  if  warmed 
witb  union's  reagent  it  takes  on  a  purplish-red  colour,  or  with  hypochlorite 
of  todium  a  dark-brown  colour;  if  treated  with  bromine  water  a  precipitate 
rf  tribromphenol  results.     A  very  good  reaction  for  phenol  is  produced  by 
a  hydrochloric -acid  solution  (hydrochloric  acid  fifty  centimetres,  distilled 
yiHKr  fifty  centimetres,  and  calcium  chloride  0.20  gramme)  and  a  pine  stick 
(Hoppe-Seyler.  Tommasi).     Tommasi  describes  it  as  follows;  Equal  quan-  . 
titiea  of  unne  and  ether  are  shaken  together,  the  supernatant  liquid  is  then^ 
decBUled  and   Uie  piece  of  stick  is  soaked  in  it  until  saturated,  when  it  ixM 
plunged  quickly  into  the  hydrochloric-Bcid  solution  and  finally  exposed  to^ 
the  sunlight.     The  ensuing  reoctiun   consists  in  a  blue  coloration  of  the 
(tick ;  but  if  carbolic  acid  was  not  present  in  the  urine  there  will  be  no 
change  in  colour,  or  at  the  most  a  slight  change  to  a  faint  green  colour. 
This  niiction  will  enable  the  slightest  trace  of  carbolic  acid  to  be  recognised 
in  urine  or  water.     If  the  stick  is  expowed  to  theNuntight  too  lonp-,  the  ciilour 
VTEiitu&liy  disappears. 

The  Preaence  of  Carbolic  Acid  in  the  Different  Organs  after  Poiuning.— 
Buppe-Seyler  has  measured  the  amounta  of  pbeuul  contained  in  the  se{)arate 
urgMis  after  phenol  poisoning,  and  he  has  found  that  the  brain  and  kidneys 
bold  more  than  the  others,  consequently  investigation  should  l>e  first  directed 
to  these  organs  in  cases  of  stis])ected  carbolic-acid  poisoning. 

TtNtment  of  Carbolio>Acld  Poisoning.—The  treatment  of  poisoning  from 
Uus  drugconsisU  in  stopping  its  use  innnediately— for  example,  hy  removing 
till-  carbolic  dressing.  Bounenburg  has  recommended  the  internal  admin- 
istfulion  of  Glauber's  salt"  (sodium  sulphate)  to  hasten  its  excretion  thraugli 
the  kidneys  in  the  furni  of  the  innocuous  sulpho-carbolale  of  sodium.  The 
uilphuk'  of  sodium  should  be  given  in  large  dose-s  by  the  moutb  or  rectum, 
[tiuugli  itt  efficacy  is  somewhat  doubtful.  T)ie  rest  of  the  treatment  is  symp- 
toniatif — i.  e..  the  symptoms  are  treated  as  they  arise,  and  stimulants  and 
large  itmuanls  of  water  are  given  internally.  If  the  {Misoning  is  produced 
by  Nwallowinir  carbolic  acid,  the  stomach  pump  should  be  used  immediately. 

Bichloride   of  Heronry   (corrosive  gnhlimat^,  HgClj,  hydrargynim 
bicbloratuiu  corrofiivum)  is  one  of  the  oldest  drugs,  and,  occonling  to 
ID,  was  known  to  the  Chinese,  who  have  made  it  from  cinnabar 
Billroth,  Buchholtz,  and  Robert  Koeb  were 
I  fint  to  deterinine  and  make  known  its  great  antiseptic   value. 
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Koch  showed  that  bichloride  of  mercury,  even  in  the  dilution  of  1  to 
330,000,  completely  arrested  the  growth  of  anthrax  bacilli,  and  in  i 
solution  of  a  strength  of  1  to  1,000-5,000  almost  instantly  killed  the 
anthrax  spores.  As  the  bichloride  is  the  most  poisonous  of  all  the 
salts  of  mercury,  it  was  natural  that  many  surgeons  at  first  would  haTe 
nothing  to  do  with  it  in  the  treatment  of  wounds.  But  now  it  is  I 
great  favourite  among  surgeons,  and  is  almost  always  used  for  dism- 
fecting  the  field  of  operation,  the  hands,  and  the  wound,  in  aqneoDi 
solutions  varying  from  1  to  1,000-5,000.  Besides  the  marked  anfr 
septic  power  of  bichloride  it  has  the  advantage  of  being  much  cheaper 
than  carbolic  acid.  A  one-fifth-per-cent.  solution  of  bichloride  can  be 
used  for  the  storage  of  silk  (after  boiling  it  half  an  hour  in  a  one-fifth 
per  cent,  bichloride  solution)  and  of  catgut  which  has  been  sterilised 
by  the  method  already  described.  Bichloride  is  unsuitable  for  the  dis- 
infection of  instruments,  as  we  have  seen,  and  for  these  a  th^ee-pe^ 
cent,  solution  of  carbolic  acid,  or  half  to  one  per  cent,  creosol  are 
employed. 

Stability  of*  Bichloride  Solutions. — If  ordinary  water,  which  has  not 
been  distilled,  is  used  for  making  bichloride  solutions,  an  insolnbia 
compound  of  mercury  will  separate  after  a  time,  which,  according  to 
Fiirbringer,  is  a  trioxychloride,  or  a  dioxychloride,  or  a  tetraoxychlo- 
ride,  and  is  thrown  down  by  the  alkaline  carbonates  in  the  water.  For 
preventing  this  precipitation  of  the  bichloride  which  occurs  in  ordinary 
spring  water,  Fiirbringer  recommends  the  addition  of  acids  (salicylie^ 
hydrochloric,  and  acetic  acids,  0.5  to  1  gramme  per  litre) ;  Laplace 
recommends  tartaric  acid  (one  part  bichloride,  five  parts  tartaric  acid); 
while  Bergmann  and  Angerer  recommend  common  salt  (one  gramme 
sodium  chloride  to  one  gramme  bichloride  of  mercury).  Eronig 
claims  that  the  addition  of  acids  and  sodium  chloride  diminishes  the 
antiseptic  action  of  bichloride.  A  small  amount  of  sodium  chloride 
has  the  least  effect  in  this  particular.  Kronig  recommends  that  only 
enough  sodium  chloride  should  be  added  to  the  bichloride  as  will 
suffice  to  form  the  easily  soluble  sodium  salt  of  mercurial  chloride 
(Xa2HgCM4) — i.  e.,  i  gramme  of  sodium  chloride  to  1  gramme  bichlo- 
ride of  mercury.  The  bichloride  tablets  which  are  in  such  general  use 
should  contain  this  percentage.  Schillinger,  Fiirbringer,  and  Meyer 
have  demonstrated  that  the  stalnlity  of  a  bichloride  solution  de|)end» 
also  upon  whether  the  vessel  in  which  it  is  contained  is  air-tight  (JT 
not,  and  also  upon  the  amount  of  exposure  to  light. 

Preparation  of  Bichloride  Oauae. — Bichloride  gauze,  which  has  been  uaeJ 
much  more  in  the  past  than  it  is  now,  is  made  by  saturating  gtiuze  with  i 
mixture  of  ten  parts  of  bichloride  of  mercury,  five  hundred  parts  of  glycerinf 
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[rii  hijiiilred  [>arti«  of  ulcohol,  and  tifLceii  liiindi'eii  parts  of  wal^r.  Tliis 
nakm  a.  mixture  whicL  is  sulticient  to  saturate  uboui  sixty  to  seveutj-  ineti-ea 
of  gkuu",  which  hIiouIiI  be  dipped  into  it  and  then  dried.  Ordinarily  gnuze 
Mmiaining  one  third  per  eenL  of  bichloride  answers  sulRcienliy  the  pm-|)ose« 
of  an  nnliseptic  dressing.  Cotton,  jute,  etc.,  can  also  be  impregnated  with 
iiiriiifiridc  in  liie  same  way. 

Bicllloride  Foiaoning.-^As  we  have  previously  remarked,  bichloride  of 
mrrcurf/  is  n  dangeruua  poison,  and  must  bo  used  with  very  great  caution, 
eqioniilly  in  Ibe  case  of  children  and  sickly  individuals.  The  syinptnnis  of 
puKHiing  manifested  after  the  external  exhibition  of  the  drug  consist  in  a 
(Mliog  of  dixxiat^ss.  restlessness,  general  nialaise,  vomiting,  salivation,  iilcer- 
alira  utonuititia  of  the  gums,  and  toward  the  lust  thei-e  is  a  blcM>dy  diarrlicpa 
and  occaaioDally  bleeding  from  the  mouth  and  nose.  The  urine  coalaius 
DMreury  and  albumen.  Locally,  when  the  bichloride  dressing  has  l)een 
■p^ied,  there  is  sometimes  an  eczema,  with  persistent  itching  and  burning 
of  the  skin,  particularly  if  the  di-essings  have  been  put  on  too  wet.  and  this 
(hould  therefore  be  avoided.  The  lesions  of  bichloride  poisoning  are  as  fol- 
Iowa:  Hyperaimia  of  the  kidneys,  marked  chauges  in  the  epithelial  cells  of 
^e  kidneys — particularly  the  convoluted  tubules,  but  also  the  straight  ones — 
and  hyaline  casta.  There  are  also  ulceration  aud  hyjiera^uiia  of  the  small 
intestine,  desquamation  and  ulceration  of  the  large  intestine,  swelling  and 
iwcrosis  of  the  liver,  calcareous  infarcts  and  crystalline  formations  in  the 
kidney  and  liver,  subendotbclial  ha-moirhagea  in  the  heart,  and  marked 
sireiliog  of  the  parenchyma  nf  the  spleen.  In  consequence  of  the  serious 
mplele  suppression  of  urine  may  result,  which 
s  the  real  cause  of  death.  In  chronic  bichloride 
II  the  kidneys  ok  particularly  cliarHcteristic.  aud 
inly  symptom  iSonnenhurgj. 

)  use  bichloride  of  mercury  carefully  in  the 
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It  is  necessary,  nioi'eover.  t 


a  ot  the  physician  and  of  the  assistants.  Even  then  tliey  « 
liODally  show  eigxia  of  poisoning  in  the  form  of  salivation  and  inHammalion 
tl  the  gums,  or  mercury  and  albumen  will  be  present  in  the  urine.  Since 
■Bpda  has  taken  the  place  of  antisepsis  in  operations,  and  we  have  lioiiled 
dw  IMP  of  bichloride,  the  crises  of  poisoning  from  this  drug,  like  those  from 
oufmlit!  acid,  have  become  niucli  less  common.  One  should  operate  as 
'iij''aA  possible,  and  avoid  irrigating  and  washing  out  the  wound  with 
ticllloride  solutions  whenever  this  can  lie  d()ne,  and  use  only  dressings  which 
har*  been  sterilised  by  steam,  etc.  Oiwratlims  in  the  thorax.  ])eritoneal 
tnJif,  rectum,  and  vagina  must  be  conducted  with  very  great  care  as  regards 
tte  IMK  of  bichloride,  and  the  latter  should  not  he  employed  for  washing  out 
tba  pleural  cavity  after  an  operation  for  empyema,  nor  for  irrigating  tlie 
olrrus  or  rectiitn.  etc. 

Treatment  of  Bichloride  Poieoning.— The  treatment  of  puisoiiinjj  hv 
liicliinriitc  of  mercury  coiicints  in  immedialelv  stopping  its  use;  tlie 
n■^l  ii.  symptomatic — i.  e..  treatment  of  sym|)tom£  tw  tliey  arise. 

Salicylic  Add.— Salicylic  acid  (CiHiO>)  exists  in  the  form  of  small  needle- 
i'itHpi^l  cry-lals.  which  nr^  odourless,  and  only  slightly  soluble  in  cold  water 
(1  te>  3IN»-100).  but  readily  soluble  in  hot  water,  Blouhol.  ether,  or  glycerine. 
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Salicylic  acid  is  not  volatile  like  carbolic  acid,  from  which  it  is  made  synr 
thetically  by  treating  carbolate  of  sodium  with  carbonic-acid  gas  at  a  tem- 
perature of  150°  C.  By  the  absorption  of  carbonic  acid  the  basic  sodium 
salt  of  salicylic  acid  results,  and  the  former  treated  with  hydrochioric  acid 
produces  salicylic  acid. 

Aside  from  its  internal  administration,  salicylic  acid  is  extensively  used 
in  surgery  as  a  dusting  powder  for  wounds  (Schntidt),  in  solution  (1  to  300) 
for  the  disinfection  of  wounds,  and  particularly  for  continuous  irrigation, 
and  in  disinfecting  ointments  (one  part  acid  salicyL,  six  parts  cera  albi, 
twelve  parts  paraffine,  twelve  parts  almond  oil).  Salicylic  acid  should  be 
used  with  caution  as  a  dusting  powder  for  wounds  which  are  liable  to  abeoi^ 
large  quantities  of  it,  since  fatal  poisoning  has  thus  been  produced.  By  add- 
ing borax  to  salicylic  solution  the  solubility  of  the  salicylic  acid  can  be  mate* 
rially  increased  without  diminishing  the  effectiveness  of  its  action.  A  very 
useful  solution  for  irrigation  of  wounds  consists  of  one  part  salicylic  add, 
six  parts  l)orax,  and  five  hundred  parts  water. 

Acetate  of  AlumininTn, — Acetate  of  aluminium,  like  all  the  salts  of  acetie 
acid,  is  a  very  goo<l  antiseptic  (Pinner) ;  Burow,  senior  (1857),  was  the  M 
to  use  it  with  success.  He  prepared  the  substance  from  a  mixture  of  eight 
parts  acetate  of  lead,  five  parts  alum,  and  sixty-four  parts  water,  the  acetate 
of  lead  being  slowly  added  to  the  cold  alum  solution ;  this  precipitated  sul- 
phate of  lead,  leaving  the  acetate  of  aluminium,  though  not  chemically  pure^ 
in  solution.  The  solution  should  then  be  filtered.  Acetate  of  aluminium  it 
used  in  the  form  of  one-half-  to  one-per-cent  solutions  for  continuous  irrigt- 
tion  and  wet  dressings. 

Aceto-tartrate  of  Aluminium,  an  easily  soluble  double  salt  with  a  stronf 
antiseptic  action,  is  used  in  the  strength  of  one  half  to  three  percent  for 
antiseptic  wet  dressings,  and  in  the  strength  of  three  to  five  per  cent  fertile 
disinfection  of  wounds  (Schede,  Kiimmell). 

Th3rmol,  a  non-i)<>isonous  substance,  is  the  active  principle  of  oil  of  thym^ 
which  is  obtained  from  various  species  of  thyme,  particularly  the  thymol 
vulgaris.  In  1719,  Neumann  isolated  from  oil  of  thyme  a  crystalline,  cam' 
phor-like  body  which  he  called  thymol.  The  crystals  are  sparingly  soluble 
in  water,  but  readily  sojuble  in  alcohol  and  ether.  Thymol  is  used  in  ai 
ariueous  solution  in  the  strength  of  1  to  1*,(MK).  containing,  in  addition  to  the 
water,  ten  parts  of  alcohol  and  twenty  of  glycerine  to  prevent  the  precipitar 
tion  of  the  thymol. 

Chloride  of  Zinc. — Chloride  of  zinc  has  been  used  by  some  surgeons  for 
antiseptic  dressings  and  disinfection  of  wounds.  Weak  solutions  (2  ot^ 
to  1,000),  or  stronger  ones  (1-5  to  100),  have  been  used.  It  has  not  come  into 
anything  like  general  use  in  the  treatment  of  wounds,  and  is  chiefly  employed 
as  a  caustic  in  about  an  eight-  to  ten-per-cent  solution  to  cleanse  fistulooi 
tracts,  foul  ulcers,  etc. 

Boric  Acid.— Boric  acid  (HaBOa)  exists  in  the  form  of  flat  crystals,  whidi 
are  only  sliglitly  soluble  in  cold  watt^r  (I  to  :50),  but  readily  soluble  in  hot 
water  and  in  alcohol.  It  is  usually  employed  in  a  two-  to  three-percent 
soluticm,  tliough  for  irrif^ation  of  wounds  aqueous  solutions  of  a  strength  of 
5-10  to  100  may  be  employed.  Its  antiseptic  action  is  weak,  and,  if  used  tOD 
energetically,  it  is  not  without  danger.    Molodenkow  observed,  after  ene^ 
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jrtic  iirigatioD  of  the  pleural  cavitj-  and  h  psoas  abscess  with  flve-per-centr 
boni-  aeid.  romitiug.  erythema  of  the  face,  and  death  from  cardiac  paralysis 
in  both  cases.  He  used,  it  is  true,  a  verj-  larppe  amount  (fifteen  kilogrammes) 
u(  i  five-per-ceiiL  solution,  aud  tlie  iri'igatioii  lasted  an  hour.  ScLuzer  ob- 
lerred  a  fatal  result  in  a  patient  who  took  Rfteen  grammes  of  boric  acid  for 
tTatitis.  He  went  into  collapse  a  fen*  hours  afterwards,  and  died  thirty-six 
bouM  later.  The  autopsy  showed,  besides  a  mild  chronic  nephritis,  an  acutfi 
t"iic  degeneration  of  the  kidneys.  The  pre-existing  chmnic  nephritis  prob- 
ib[}'  predisposed  to  tbe  fatal  result  Boric  acid  is  inuch  used  in  the  form  of 
Litirys  boric  lint,  a  <lrisGiug  which  is  uon-irritatit  and  yet  strongly  autisep- 
Uc;  it  contains  equal  parts  by  weight  of  boric  acid  aud  lint,  and  is  applied 
to  the  wound  in  a  dry  or  wet  slate.  Boric  lint  is  very  simply  prepared  by 
■  ■aicing  lint  in  a  hot  concentrated  boric-acid  solution;  it  is  then  allowed 
felt  dry,  causing  the  boric  acid  to  adhere  firmly  to  tbe  lint  in  tbe  form  of 
fslals. 

J!  Ointment, — Aji  escellent  ointment  is  made  with  boric  acid  consist- 
rlnguf  liiree  parts  of  boric  acid,  Ave  parts  vaseline,  ten  parts  paraJfine;  or 
felhnv  par\s  boric  acid,  four  parts  cera  alba,  and  twenty  parts  olive  oil.  A 
■■mpli^r  and  more  stable  mixture  is  one  of  twenty  parts  of  boric  acid  with 
MjKK  hundred  parts  of  vaseline  or  uugL  glycerini  (knowii  as  glyceritimi  boro- 
fefifcerini),     Boroglycerin  lanolin  is  another  good  preparation. 

AMptm. — The  so-called  aseptin  used  in  Sweden  is  a  mixture  of  two  parts 
oric  acid,  one  part  alum,  and  eighteen  parts  of  water ;  it  is  less  irritating 
m\  rarbolic  acid,  is  not  poisonous,  aud  has  no  unpleasant  odour. 

Tetraboride  of  Sodium.— The  tetraboride  of  sodium  tJaenicke)  is  more 
Kiluble  uikI  effective  than  boric  acid,  and  on  account  of  its  non-irritant 
n-poisoDous  character  can  be  used  in  a  fifteen-  to  seven ly-per-cent 

— Bismutli  (subnitrate  of  hismutli)  is  a  while  crystalline  powder. 

I  reaction,  which  is  only  slightly  soluble  in  water,  and  is  recoi 

Vff  Koclier  for  treating  wounds  and  for  antiseptic  dressings. 

I  tbe  secretion  from  a  wound  very  perceptibly,  but  it  is  i 

s  substance,  as  symptoms  of  poisoning  have  been  produced  when 

owd  lu  strong  mixtures  (ten  per  cent.)  or  in  large  amounU  :  these  are  acute 

rtooialitis  writli  marked  swelling  of  the  gums,  tongue,  and  throat,  aud  a  dark 

m  disrolunttion  of  tJie  edges  of  the  gums,  as  in  lead  poisoning,  diarrlicea,  ne- 

companied  by  albuminuria,  and,  finally,  dnrk-coloured  urine. 

Iodoform. — loiioform  (CHI,)  is  a  bright  yellow  crystalline  jtowder, 

bost  insoluble  in  water,  acids,  and  alkalies,  but  readily  soluble  in 

chloroform,  alcoliol,   volatile  oils,  and    fats.      About  2.5  to  3 

tinince  of  iotlofonu  are  solnble  in  one  hundred  grammes  of  olive  oil. 

ftwaa  first  intn^liu-ed  in  1853,  and  since  lS6fi  has  been  highly  recom- 

mied  as  a  dressing  for  wounds,  partii^ularly  in  ayphilitic  cases;  but 

DUolesohott,  and  especially  to  Mosctig-Moorhof,  belong  the  honour 

of  introducing  i^xloform,  in  188ii,  into  general  surgical  use,  and  thus 

enriching  our  methods  of  dressing  wounds  by  a  moet  valuable  remedy. 

Authorities  diJfur  as  regards  tbe  antiseptie  value  of  io<lofortii  (see  page 
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165).  It  is  poisonous,  and  numerous  fatal  cases  of  poisoning  have 
occurred  from  its  use,  particularly  at  first  (see  page  166).  It  should 
hence  be  employed  with  great  caire  and  not  in  too  large  amountB, 
especially  in  old,  ansemic,  or  cachectic  patients,  in  children,  and  in  in- 
dividuals with  heart  and  kidney  diseases.  But  even  perfectly  sound 
persons  may  have  an  idiosyncrasy  as  regards  iodoform,  and  very  small 
amounts  may  produce  symptoms  of  poisoning.  The  crystalline  fonn 
should  be  used,  and  not  the  fine  powder,  as  the  latter  is  absorbed  more 
quickly  and  hence  is  more  dangerous  (Giiterbock).  I  use  iodoform  to 
dust  over  unsutured  wounds,  particularly  in  tuberculosis  and  syphilk 
It  may  be  applied  with  a  brush,  or  blown  over  or  into  the  wound  with 
a  powder  blower,  or  simply  dusted  over  it  through  a  piece  of  gatua 
I  consider  it  unnecessary  to  dust  iodoform  over  a  wound  which  has 
been  sutured.  It  is  very  useful  in  injuries  and  operations  affecting  the 
nose,  throat,  mouth,  vagina,  and  rectum,  for  syphilitic  and  tubercubr 
ulcers,  and  for  many  cases  of  compound  fracture. 

P.  Bruns  and  myself  have  obtained  excellent  results  from  the  injec- 
tion of  a  ten-per-cent.  iodoform  mixture  in  glycerine  or  oil,  in  cases  of 
bone  and  joint  tuberculosis  and  in  cold  (tubercular)  abscesses.  To 
avoid  iodoform  poisoning,  the  iodoform  and  oil  or  glycerine  should  be 
sterilised  separately,  and  then  mixed,  because  in  sterilising  the  mixture 
at  100°  to  130°  C.  in  the  steriliser  too  much  free  iodine  and  iodine 
hydrate  are  liberated.  Glycerine,  being  itself  aseptic,  does  not  need 
sterilisation,  and  non-sterilised  iodoform  glycerine  can  consequently  be 
employed  without  evil  results.  Schellenberg  called  attention  to  the 
possibility  of  glycerine  poisoning  in  the  use  of  iodoform  glycerine 
injections.  A  child,  four  years  of  age,  with  suppurating  hip-joint 
disease,  died  after  the  application  of  sixty  to  sixty -five  cubic  centimetrea 
of  glycerine,  with  the  symptoms  of  fever,  rapid  pulse,  coma,  and 
marked  signs  of  irritation  of  the  kidneys.  The  amount  that  can  be 
used  safely  in  the  case  of  children  is  about  ten  cubic  centimetres,  and 
in  adults  from  twenty  to  twenty-five  cubic  centimetres.  Iodoform 
kills  tubercle  bacilli  slowly,  and  hence  has  a  direct  antitubercnltf 
action.  Moreover,  it  brings  about,  both  by  internal  and  local  use,  fatty 
degeneration.  It  produces  its  action  botli  by  setting  iodine  free  and 
by  forming  organic  iodine  compounds.  Its  action  is  to  be  regarded  U 
a  protnicted  iodine  action  (Hogyer,  Zeller,  Ilamack). 

Iodoform  has  been  mixed  with  other  antiseptic  powders.  Sprengel 
recommends  for  cavities  and  bone  and  joint  tuberculosis  a  mixture  of 
equal  parts  of  iodoform  and  calomel. 

Iodoform  gauze  is  exceedingly  useful,  consisting  of  iodoform  50, 
ether  250,  alcohol  750,  and  gauze  500  parts ;  or  iodoform  50,  resin  20, 
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I^Tcerine  5.  and  alcohol  1,000  parte.  It  is  partienlarly  valuable  for 
[Belong  cavities,  bnt  must  be  osed  with  great  care  in  the  class  of  indi- 
riJnals  nientioned  above,  as  I  have  seen  symptoms  of  poisoning  after 
the  nse  of  iodoform  gauze  alone — for  example,  after  estirpation  of  the 
rMtnia;  and  particular  care  must  be  taken  not  to  exert  too  much 
pressure  with  the  bandages  applied  over  a  wound  which  has  been 
piicked  with  this  gauze.  Billroth "s  sticky  iodoform  gauze  is  best  suited 
for  cavities  where  mucous  membrane  exists,  because  it  adheres  firmly 
to  tlie  surface  of  the  wound.  It  is  made  by  wringing  out  six  metres 
(if  e;anze  or  mull  in  a  solution  consisting  of  lUO  grammes  of  resin,  30 
(.'ramrnes  of  glycerine,  and  1,200  grammes  of  alcohol  {95  per  eent.), 
aad  after  the  gaaze  has  dried,  330  grammes  of  iodoform  are  rubbed 
into  it. 

I  sometimes  use  in  place  of  iodofo'rm  gauze  the  iodoform  wick  recom- 
meiul«d  by  Gwreuny.  It  is  prepared  iu  the  same  way  as  iodoform  gauie, 
and  nuQ  be  easily  conducted  out  of  the  wound  through  a  small  opening  in 

Ui«Bkin. 

An  attempt  may  be  made  to  conceal  the  very  sharp,  sa£Fron-like 
odour  of  iodoform  t>y  the  addition  of  tincture  of  musk,  bergamot  oil, 
tonka  bean,  or  powdered  coffee.  lodoformin  and  iodoformol  are  two 
wluorless  preparations  of  iodoform.  lodoformin,  a  white  powder,  is 
■  compound  of  75  per  cent,  iodoform  and  a  formaldehyde.  Kro- 
DiHTcr  recommenda  iodofonuogen,  an  odourless  iodoform-albameti 
preparation. 

L)do{brm  Drainage  Tabes,  Iodoform  Collodion,  etc.— The  impregnation  (rfj 
ilmiiiii^  lulus  witli  imlofunii  lias  bet?ii  recommended;  tliey  are  soaked  for" 
jbout  an  liour  in  a  cuucentratcd  solution  of  iodoform  in  etlier  and  then 
allowed  to  dry.  Iodoform  is  much  used  in  the  form  of  iodoform  collodion 
II  to  lOi.  which  is  employed  in  place  of  the  ordinary  sticking  plaster.  Sticks 
of  iodoform  gelatine  are  now  used  for  tislulEC,  clironic  gonorrhcea.  etc. 
MoMtig  recommends  a  Gfty-per-cent  iodoform -glycerine  injection  for  goitre 
Nid  for  soft  hyperplastic  lymphomata.  Iodoform  sticks  are  prepared  accord- 
uig  Ui  the  following  formula  :  Iodoform  10  jtarts.  gum  arabic.  glyterine,  and 
sUtpIi,  of  each  1  part  Tliey  can  !«  more  simply  made  by  mixing  together 
line  pnrt  of  iodoform  and  two  parts  of  cocoa  butter.  We  shall  return  to 
das  Kubject  later  on  in  its  proper  plikce.  The  iodoform-ethyl-ali-olioi  solu- 
tion (I  :  2  :  S)  is  used  a  good  deal  for  parenchymatous  iujectious  into  tubcr- 
cuUr  f<K-i, 

Effect  of  Iodoform  upon  Baoteria— Kronecker,  Heyn,  Rovsing.  and  others, 
sliowiil  ihiit  tlie  Strvi.hH-'x-rii^  and  ShiphyU'COcctia  pyogenes  aureus  as  well 
aa  other  bacteria,  may  live  a  long  time  in  iodoform  powder  unharmed. 
Tlie  gnittth  and  reproduction  of  tubercle  bacilli,  however,  are  diminished  by 
iwiofonn  and  they  gradually  die.  But  although  iodoform  hss  no  direct  in- 
fluence over  most  pathogenic  bacteria,  it  is  known  that  it  weakens  the  tos- 
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ines  of  various  bacteria,  or  changes  the  toxines  into  harmless  compoundb 
Neisser  showed  that  iodoform  is  decomposed  by  bacteria,  and  that  it  thn 
has  an  antiseptic  action.  Of  these  decomposition  products  free  iodine  md 
hydriodic  acid  are  the  most  important  The  more  pronounced  the  putre- 
faction and  decomposition  in  a  wound,  the  more  pronounced  becomes  the 
antibacterial  action  of  iodoform.  According  to  Maurel,  Lomey,  and  othei% 
iodoform  stimulates  the  pliagocytic  action  of  the  leucocytes.  Marchand  uA 
Meyer  state  that  the  formation  of  giant  cells  around  a  foreign  body  is  dimin- 
ished by  the  iodoform,  and  the  cells  of  the  exudate  which  have  wandend 
into  the  foreign  body  are  rapidly  destroyed.  Hence  it  is  better  to  pack  tha 
wound  with  iodoform  gaua^  than  with  sterile  gauze,  as  the  former  does  not 
adhere  to  the  tissues  and  can  be  removed  more  easily. 

Iodoform  Poifloning. — The  symptoms  of  iodoform  xx>isoning  oonnt 
chiefly  of  cardiac  and  cerebral  disturbances,  particularly  in  the  severer  cum, 
Cardiac  symptoms  are  usually  the  first  to  make  their  appearance.  The 
milder  cases  of  poisoning  are  characterised  by  a  rapid,  irregular,  small 
pulse;  by  digestive  and  slight  nervous  disturbances,  such  as  anoreziit 
nausea,  and  finally  vomiting;  by  headache,  general  malaise,  sleeplessnen. a 
depressed  frame  of  mind,  etc.  In  the  more  severe  cases  of  iodoform  poinii- 
ing  the  symptoms  may  corresiK)nd  to  either  one  of  the  two  following 
descriptions : 

(a)  The  pulse  suddenly  becomes  rapid  and  small ;  there  is  sleeplessneBi 
great  restlessness,  delirium,  hallucinations,  maniacal  excitement,  and  mel- 
ancholia, with  refusal  to  take  food.  These  symptoms  of  mental  aberratioB 
can  be  quickly  checked  by  removing  .the  iodoform  dressing,  but  they  may 
be  prolonged  for  weeks  even  after  the  iodoform  has  been  stopped.  Some  of 
these  cases  terminate  fatally  from  cardiac  and  respiratory  paralysis. 

(b)  After  a  brief  period  of  excitement  there  follows  a  general  paralysis  of 
the  central  nervous  sy.stem,  giving  the  picture  of  a  severe  meningo-encephar 
litis  (loss  of  consciousnes.s,  deep  sleep,  coma,  involuntary  dischai^  of  urine 
and  fieces,  accompanied  by  great  muscular  relaxation).  This  is  the  mow 
severe  form,  and  nearly  always  terminates  fatally. 

Occasionally  there  is  observed  a  papular  or,  more  commonly,  an  uith 
caria-like  eruption  on  the  skin.  There  is  not  always  a  rise  in  temperatani 
Tlie  pulse  is  usually  greatly  accelerated.  Tlie  length  of  time  that  may 
elapse  between  the  application  of  the  iodoform  dressing  and  the  first  symp- 
toms of  poisoning  varies  very  much.  Sometimes  marked  symptoms  come 
on  during  the  very  day  of  the  operation ;  in  other  cases  three  to  five  to  ox 
days,  or  even  fourteen  days,  pass  before  they  make  their  appearance.  Iodo- 
form poisoning  is  generally  acute,  but  sometimes  it  takes  a  chronic  or  sob- 
acute  course,  and  the  symptoms  may  ix»rsist  several  weeks,  although  the 
drug  is  susi>ended  at  tlie  very  first  appearance  of  intoxication.  Mikulict 
saw  one  case  terniinato  fatally  after  the  expiration  of  twenty-nine  days. 
The  majority  of  oases  of  iodoform  poisoning  have  occurred  in  old  people. 
In  the  latter  all  tlie  or^rans,  particularly  the  heart  and  kidneys,  are  k* 
active,  and  constM^umtly  ])oisonin»,'"  is  more  likely  to  occur.  In  children  the 
danjror  of  poisoninjr  is  mucli  loss. 

Explanation  of  Iodoform  Poisoning.— The  symptoms  of  iodoform  poison- 
ing ai*e  due  cliielly  to  the  action  of  free  iodine  or  of  organic  iodine  com* 
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pnuriiU.  ItKline  is  set  free  at  the  point  of  application  of  the  iotloforni,  and  is 
absorWd  by  the  blood  in  the  form  of  alkaline  iodide  and  the  albuniiuule  uf 
lodiiiF.  Tli«  albuminate  of  iodine  decom|>oses  in  the  Kjstem,  forming  organic 
salwlaucra  coulaiuiug  iodine,  n-hieli  arc  excreted  in  the  urine  together  witli 
the  alkaliue  iodides.  According  to  Harnack  and  Ludwig,  the  general  syuip- 
bmisof  iodine  poisoning  are.  in  fact.  chieHy  produced  by  the  iodine  in  the 
form  of  an  alliutnuiate  of  iodine,  or  by  the  orgauic  compounds  of  iodine.  It 
ii  well  known  that  the  alkaline  iodides  can  be  introduced  into  the  system  in 
very  large  amounts  without  causing  the  general  aymploms  of  iodine  poisou- 
log.  Zeller  claims  that  only  a  fractional  part  of  the  iodine  ia  excreted  in  the 
urine  and  faices  while  the  rest  remains  in  the  system  ;  and  thus  he  explains 
bov  iodoform  poisoning  may  sometimes  first  make  its  appearance  after  the 
ntpinttioQ  of  two  to  three  weeks.  If  this  substance  is  then  employed  in  too 
large  amounta.  and  circumstancea  favour  its  absorption,  and  if  there  is 
diiniuiabed  excretion  of  iodine  on  account  of  disease  of  the  kidneys  or  heart, 
while  tlie  blood  is  both  qualitatively  and  quantitatively  defJcient,  under  such 
circumstances  poisoning  is  apt  to  make  its  appearance  rapidly  and  to  run  an 
anite  course,  terminating  in  deatli.  As  a  means  of  preventing  to  a  certain 
degree  tliis  general  poisoning  of  the  whole  system,  Hamack  takes  the  pre- 
caution of  applying  witli  the  iodoform  some  hai'mless  alkali  in  the  locality 
vhere  the  former  is  used,  so  as  to  favoui'  the  formation  of  an  alkaline  iodide 
from  the  free  iodine  which  is  split  otf  from  the  iodoform. 

Mceetig-Moorhof,  in  his  large  experience,  has  never  seen  a  single  case  of 
iodoform  poisoning,  attributing  it  to  the  fa<:t  that  he  never  uses  iodoform 
Mcept  in  small  amounts,  never  applies  dressings  in  which  it  exists  so  as  to 
exert  pressure,  and  clianges  them  as  infrequently  as  possible  and  without 
irrigHtiou  of  the  surface  of  the  wound.  He  also  considers  it  dangerous  to 
lue  uarbolic  acid  simultaneously  with  iodoform  in  dressings,  bec'ause  the 
carbolic  acid  may  produce  an  inflammation  of  the  kidneys  amounting  to  an 
actual  nephritis  (nephritis  carbolica),  and  thus  retard  the  excretion  by  the 
uiiae  of  the  iodoform  which  has  been  absorbed,  or,  in  other  words,  cause  it 
to  be  retained  in  tlie  blood,  These  statements  of  Mosetig-Moarhof  are  con- 
firmed by  the  experiments  of  Holger  Mygind.  who  found  that  in  all  cases 
ID  which  iodoform  and  carbolic  acid  were  used  together  the  iodine  reaction 
waa  fiiTen  in  the  urine  rather  later  than  usual,  the  longest  time  necessary 
lor  it  to  appear  being  twenty-seven  hours  after  ingestion,  the  shortest  four 
hours,  or  the  iodine  was  detected  in  the  urine  only  after  all  traces  of  car- 
bolic acid  had  vanished.  Moreover,  Holger  Mygind  iiluinis  that  the  albumi- 
BUiia  that  appears  during  the  use  of  iodofonn  is  only  produced  by  the 
■imnltaneouB  use  of  carbolic  acid.  It  is  of  some  practical  value  to  noU!  tliat 
thn  «xfM>etion  of  iodine  is  continued  for  u  considerable  length  of  time  after 
thp  use  of  iodoform  has  been  suspended  ;  for  instance,  one  gramme  of 
iMlorortn  gave  rise  to  a  reaction  for  iodine  for  twenty-two  days,  and  Ufteeii 
i;nuiinies  gave  the  iodine  reaclioti  iji  the  urine  for  thirty-eight  days,  etc. 
Tim  sija'  of  the  wound  has  a  great  influence  u|Jon  the  rapidity  of  the  al)surp- 
lionof  iodofonn.  Granulating  wounds  absorb  it  more  quickly  than  fresh 
wounds,  and  wounds  in  which  fat  is  abundant  take  it  up  very  rapidly. 
Aoconling  tJi  Binn,  the  iodoform  b  dissolved  by  the  small  jwrticles  of  fat 
As  we  have  before  reaiarked.  iodoform  produces  marked  cerebral  and 
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cardiac  disturbances,  having  a  narcotic  effect  upon  animals  (dogs  and  c&tB)^ 
and  causing  death  by  paralysis  of  the  heart  and  respiration  (Binz,  Hagyer)* 
Aschenbrandt  brought  about  a  fatal  pneumonia  by  causing  animals  to  inhaJa^ 
iodoform  vapour.    The  post-mortem  examination  in  these  cases  revealed  ad- 
vanced fatty  degeneration  of  tlie  heart,  liver,  and  kidneys.    Post-morton 
examinations  of  the  human  subject  dying  from  iodoform  poisoning  reveal 
a  similar  fatty  degeneration  of  tliese  organs,  and  in  addition  either  no  change 
in  the  brain  or  an  oedema  of  the  pi  a  mater. 

Treatment  of  Iodoform  Poifloning.— Besides  the  immediate  removal  of  the 
iodoform  dressing,  the  treatment  of  iodoform  poisoning  is  purely  symp- 
tomatic. In  the  worst  cases  no  treatment  has  proved  of  any  avail.  Very 
alarming  symptoms  are  apt  to  make  their  appearance  suddenly  without  any 
prodromata.  It  is  impossible  to  state  the  smallest  amount  of  iodoform  which 
may  be  used  with  impunity,  as  the  dosage  varies  for  each  individual.  One 
gramme  of  iodoform  has  been  known  to  produce  a  transient  delirium ;  and 
Seeligmiiller  observed  melancholia  with  hallucinations  thirty  days  after  the 
administration  of  six  grammes  of  iodoform  ;  and  five  grammes  caused  the 
death  of  one  of  his  cases,  a  woman  thirty-six  years  of  age.  I  lost  one  case  in 
which  a  goitre  was  removed,  and  another  in  which  a  carcinomatous  larynx 
was  extirpated,  in  each  of  which  cases  I  employed  about  five  grammes  of 
the  powdered  drug  together  with  the  iodoform  in  the  iodoform  gauze  used 
for  packing  the  wound.  In  still  another  case,  a  strong  man  fifty  years  of 
age,  I  saw  alarming  symptoms  follow  a  simple  dusting  of  the  suture  line 
after  a  laparotomy,  with  four  to  six  grammes  of  iodoform  ;  stupor,  great 
restlessness,  maniacal  excitement,  rapid,  small  pulse,  etc.,  were  present,  hat 
after  four  weeks  complete  recovery  took  place.  Of  course  the  dressings 
were  removed  at  the  very  first  appearance  of  the  symptoms.  The  poisoning 
was  doubtless  caused  by  the  excessive  sweating  to  which  the  patient  was 
subject  during  the  hot  days  in  July. 

Detection  of  Iodine  in  the  TTrine.— For  detecting  iodine  in  the  urine  there 
are  the  following  four  methods  : 

1.  The  fluid  to  be  tested  is  mixed  with  a  little  starch  paste,  dilute  sul- 
phuric acid,  and  a  drop  of  fuming  nitric  acid,  after  which  there  results  a 
bluish  colour,  which  may  change  into  dark  blue  according  to  the  amount  of 
iodine  present.  This  colour  disai)pears  on  warming  the  mixture,  and  reap- 
pears when  it  has  cooled  off  again. 

2.  The  fluid  is  mixed  with  dilute  sulphuric  acid  and  a  drop  of  fuming 
nitric  acid,  and  then  shaken  with  chloroform,  in  which  the  iodine  is  soluble, 
producing  a  violet  colour.  Chloride  of  lime  can  be  used  instead  of  the  nitric 
acid,  and  bisulphide  of  carbon  instead  of  chloroform. 

3.  Upon  the  addition  of  equal  parts  of  oleum  terebintbinae  and  guaiacol 
to  an  equal  amount  of  urine  there  results  a  deep-blue  colour  if  iodine  i« 
present. 

4.  To  the  fluid  is  added  a  little  starch  paste,  dilute  sulphuric  acid,  fuming 
nitric  acid,  and  a  few  drops  of  bisulphide  of  carbon.  The  fluid  assumes  » 
blue  colour,  and  if  shaken,  a  part  of  the  iodine  is  taken  up  by  the  bisulphide 
of  carbon,  producing  a  violet  colour,  and  where  the  bisulphide  of  carbon 
touches  the  i*est  of  the  fluid  a  dark-blue  ring  of  the  iodide  of  starch  gfraduallj 
dev^elops. 
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According  to  Harnack,  this  last  test  is  the  most  delicate ;  hut  all  these 

reactions  are  directly  dependent  upon  the  presence  of  iodine  in  the  urine  in 

the  form  of  an  alkaline  iodide  (iodide  of  sodium,  etc.).    He  claims  that 

iodine  derived  from  the  external  use  of  iodoform  occurs  in  the  urine  not  only 

as  an  alkaline  iodide,  hut  also  as  a  compound  with  organic  suhstances,  and  in 

the  latter  state  does  not  give  the  above  reactions.     Harnack  noticed  in  two 

cases  that  the  test  for  iodine  in  the  urine  was  negative ;  but  if  the  urine  was 

evaporated  and  the  residue  burned,  the  ashes  gave  a  very  plain  iodine  re* 

action.    His  method  is  as  follows  : 

The  urine  is  rendered  alkaline  by  the  addition  of  sodium  somewhat  in 
excess,  and  evaporated  in  a  platinum  crucible  in  which  the  residue  is  then 
burned  by  heating  the  crucible  red-hot  The  carbonised  ash  is  then  re- 
peatedly treated  with  hot  water  and  the  resulting  extracts  are  filtered.  To 
the  filtrate  is  then  added  a  few  drops  of  dilute  starch  paste  and  fuming  nitric 
acid,  together  with  a  few  drops  of  bisulphide  of  carbon.  When  the  solution 
is  acidulated  with  dilute  sulphuric  acid  the  presence  of  iodine  is  indicated  by 
a  blue  colour ;  when  shaken,  the  bisulphide  of  carbon  lying  at  the  bottom 
takes  on  a  violet  tint,  and  just  above  it  there  forms  a  dark-blue  ring  of  the 
iodide  of  starch.  To  recognise  the  difference  between  the  intensity  of  the 
reaction  obtained  from  the  ash  and  from  the  urine,  the  former  must  be 
mixed  with  a  volume  of  water  equal  to  the  amount  of  the  original  unevapo- 
rated  urine,  and  then  the  reaction  is  carried  out  with  equal  quantities  of  this 
mixture  and  of  urine. 

Snbstitiites  for  Iodoform. — The  following  preparations  have  been 
Teeommended  as  substitutes  for  iodoform  :  lodoformin,  iodoformol, 
iodoformogen  (see  page  165),  iodol,  salubrol,  salol,  europhen  (contain- 
ing 28.1  per  cent,  iodine),  aristol  (a  combination  of  iodine  and  thymol),, 
loretin  (a  non-poisonous,  yellowish  crystalline  powder),  xeroform  (tri- 
brom-phenol  -bismuth),  salubrol  (tetrabrom-methylen  -di-antipyrin), 
amylofomi  (chemical  compound  of  formaldehyde  with  starch,  noso- 
phen  (eudoxin,  tetra-iodo-phenol-phthalein),  sanoform  (diiodo-salicylic 
methyl-ester),  etc.  Aristol  has  no  odour  and  is  non-poisonous,  and  is 
particularly  useful  in  the  treatment  of  various  skin  diseases.  Pallin 
ttw  a  case  of  iodol  poisoning  after  the  use  of  five  grammes  of  this 
8ttbgtance  in  a  sequestrotomy  of  the  clavicle.  Salol  should  be  given 
internally  with  caution,  on  account  of  the  phenol  it  contains ;  Hessel- 
baeb  observed  a  death  follow  the  administration  of  eight  grammes  of 
this  drug,  which  parted  with  about  3.04  grammes  of  carbolic  acid  in 
the  body. 

Dermatol  is  an  excellent  non-poisonous  substitute  for  iodoform, 
and  much  used  in  the  treatment  of  skin  diseases.  The  cases  of  poison- 
ing from  dermatol  which  have  been  reported  by  Weissenmiiller  and 
:>ther8  were  probably  caused  by  the  use  of  an  impure  preparation 
arsenic  ?).  Haegler  recommended  airol,  a  compound  of  dermatol 
rith  iodine.     Among  the  newer  antiseptic  powders  diiodthioresorcin. 
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8ulpbamiDol,  nosoplien,  and  sozoidol  are  particularly  well  spoken  oL 
The  latter  non-poisonous  powder  is  used  in  the  form  of  a  one-per-cent 
emulsion  in  gl}'cerine,  gum  arabic,  and  water,  also  in  the  form  of  an 
ointment,  and  for  catarrhal  conditions,  etc. 

Of  the  remaining  antiseptic  substances,  of  which  there  are  a  great 
number  of  considerable  merit,  I  shall  briefly  mention  the  following : 

Orthoform  is  a  wliite,  non-poisonous,  odourless,  and  tasteless  powder, 
which,  on  account  of  its  prolonged  anaesthetic  action  and  its  capability  of 
diminishing  secretions,  is  used  a  good  deal  for  bums,  ulcers,  and  venereal 
sores,  and  internally  for  ulcer  of  the  stomach,  etc. 

Haphthalin. — Naphthalin  (CioHs)  was  isolated  from  coal  tar  by  Gardener 
in  1828.  It  forms  large,  shining,  colourless,  crystalline  plates  of  a  tany 
odour  and  a  burning  taste.  It  is  insoluble  in  water,  readily  soluble  in  hot 
alcohol,  ether,  volatile  and  fixed  oils.    It  burns  with  a  bright,  sooty  flame. 

Naphthalin  is  dusted  over  a  wound  in  the  same  way  as  powdered  iodo- 
form. In  my  own  experience  I  have  found  naphthalin  a  most  excellent 
disinfectant.  A  foul  wound  will  quickly  clean  up  after  dusting  it  with 
naphthalin,  and  the  process  of  granulation  is  accelerated.  Sometimes,  how- 
ever, its  use  is  accompanied  by  pain. 

Benzoic  Acid.— Benzoic  acid  crystallises  in  the  form  of  thin  plates  or 
neetUes,  which  are  only  slightly  soluble  in  cold  water  (1  to  500)  but  readilj 
.soluble  in  hot  water  (1  to  30),  and  in  alcohol,  ether,  and  concentrated  sul- 
phuric acid.  Benzoic  acid  is  usually  employed  in  solution  in  the  strength  of 
1  to  200. 

Solpho-carbolate  of  Zina — Bottiui  (Pavia)  has  recommended  su]pho-€a^ 
bolate  of  zinc  as  an  antiseptic.  It  forms  large,  white,  transparent,  odoarleSi 
rhomboidal  crystals,  which  are  readily  soluble  in  distilled  water,  alcohol,  and 
other  liquids.  Bottini  considers  the  su I pho-car bolate  of  zinc  better  than  all 
other  similar  antiseptics.  It  has  the  great  advantage  of  being  absolutely 
non-poisonous.     It  is  employed  in  two-  to  ten-per-cent.  solutions. 

Alcohol. — Dressings  of  alcohol  have  been  used  since  the  most  ancient 
times,  and  were  in  great  n^pute  even  in  Heister*s  day.  In  France,  and  per  . 
haps  in  England,  this  liquid  finds  its  most  extensive  use.  Fifteen-  to  twenty- 
per-cent.  solutions  have  heen  used  for  washing  out  wounds  and  for  disin- 
fecting instruments,  sponges,  etc.  Salzwedel  recommends  a  dressing  of 
ninety-six  j)er  cent,  purified  alcohol  in  the  treatment  of  cellulitis,  abscetf. 
lynipliangitis,  felon,  and  furuncle.  His  dressing  consists  of  the  following 
three  layei*s  :  (1 )  a  thick  layer  of  gauze  soaked  in  alcohol,  (2)  dry  cotton,  and 
(:5)  jKTforated  rublMT  tissue.  Other  surgeons  liave  also  found  alcohol  dress- 
in<r«  useful.  According*  to  Hack,  it  has  the  effect  of  rendering  granulations 
wliicli  liave  been  tr(»ate*(l  with  it  incapable  of  absorbing  anything. 

Terebene.— Ten»bene  (CaoHi«)  is  a  brownish  oily  fluid  with  a  pleasant, 
aromatic  odour,  insoluble  in  alcohol,  ether,  water,  etc.,  but  soluble  in  all  pro- 
portions in  oil.  It  is  much  us<'cl.  particularly  in  England,  for  the  treatment oC 
wounds,  either  in  tlie  undiluted  form  for  badly  granulating,  foul,  gangrenous 
wounds,  or  diluted  with  equal  |)arts  of  oil  for  the  saturation  of  dressings,  or 
else  it  is  mixed  with  water  (.'U)  to  500;  and  used  for  irrigation  purposes. 
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XncalyptlUk — Eucalyptus  is  a  volatile  oil  having  a  strong  antiseptic  ac- 
tion, and  is  made  from  the  leaves  of  the  niyrtaceae,  a  tree  growing  in  Bel- 
fiam,  Italy,  and  the  south  of  France  (the  Eucalyptus  globulus).    It  has  been 
fecently  recommended  by  Schultz  as  an  excellent  non-poisonous  antiseptic. 
The  commercial  article  is  very  variable  in  quality,  and  Schultz  advises  that 
the  oil  be  treated  with  soda  until  its  acid  reaction  becomes  neutralised,  and 
then  be  exposed  in  sunlight  to  the  action  of  the  oxygen  in  the  air,  which 
causes  the  oil  to  lose  its  pungent  odour  and  become  non-irritating  when  used 
in  dressings.    The  oil  of  eucalyptus  can  be  mixed  with  alcohol  and  water, 
0.2  to  0.3  per  cent,  and  then  used  as  a  fluid  in  which  to  wring  out  com- 
presses.   Lint  which  has  been  soaked  in  a  solution  of  one  part  oil  of  euca- 
lyptus and  ten  parts  olive  oil  can  be  used  for  applying  to  wounds. 

lodme. — The  antiseptic  properties  of  iodine,  tincture  of  iodine,  the  solu- 
tion of  iodine  in  an  aqueous  iodide  of  potash  solution  and  of  iodine  vapour, 
have  been  proved  by  countless  experiments.  In  recent  times,  in  England 
and  America,  the  solution  of  iodine — i.  e.,  iodine  two  parts,  iodide  of  potas- 
sium three  parts,  and  water  forty-eight  parts,  has  been  used  for  dressings, 
lint  being  steeped  in  this  mixture.  The  combination  of  this  iodine  solution 
with  laudanum  is  also  highly  spoken  of.  For  cleansing  wounds,  Bryant 
recommends  iodine  water  (one  part  tincture  of  iodine  to  75  to  100  of  water). 

Trichloxiodilie. — Langenbuch  recommended  trichloriodine  (1  to  1,000- 
1,500)  as  practically  devoid  of  danger,  and  as  a  suitable  material  for  the  dis- 
infection of  the  instruments,  hands,  the  field  of  operation,  sponges,  etc.,  and 
he  tested  it  in  a  great  number  of  cases.  In  germicidal  power  it  stands  next 
to  bichloride  of  mercury  (Riedel). 

CrwdilL — Jeyes,  its  discoverer  (1875),  Kortiim,  Frohner,  and  others,  recom- 
mend creolin  in  a  one-  to  two-per-cent  solution,  which,  according  to  Henle, 
is  a  mixture  of  soap,  oil  of  creolin,  phenol,  and  pyridin  ;  it  combines  the  use- 
ful properties  of  bichloride  of  mercury  and  iodoform  without  their  ]K>isonous 
effects.  Creolin  is  an  oily,  dark-brown  fluid,  smelling  of  tar,  and  is  made  by 
the  dry  distillation  of  coal  tar,  forming  with  water  a  milky  emulsion  which 
has  a  threefold  more  powerful  action  than  carbolic  acid,  and  is  used  in  a 
one-  to  two-per-cent  solution.  Esmarch  has  given  fifty  grammes  of  creolin 
to  animals  internally  without  causing  any  bad  effects.  Behring,  Baum- 
garten,  etc.,  maintain  that  creolin  has  no  such  germicidal  properties  as  car- 
bolic acid  or  bichloride  of  mercury,  and  that  it  is  more  poisonous  than  has 
been  hitherto  supposed.  In  severe  cases  of  creolin  poisoning— for  example, 
tfler  the  internal  administration  of  large  amounts— there  occur  loss  of  con- 
scioosness.  albumen  and  blood  and  renal  epithelium  in  the  urine,  enlarge- 
ment of  the  liver,  and  jaundice  (van  Ackeren). 

Tricresol,  in  a  one-per-cent  solution,  is  said  to  corresjK)nd  in  its  action  to 
a  three-per-cent  carbolic  solution.  Cresolum  purum  liquefactum  is  used  by 
some  in  place  of  carbolic  acid.  Formalin  (formaldehyde)  has  been  used  a 
^resLt  deal  of  late  for  the  sterilisation  of  the  hands,  the  field  of  oix^ration,  etc. 

Peroxide  of  Hydrogen. — Peroxide  of  hydrogen  (two-  to  tlinn^-per-cent 
olution)  is  rather  expensive,  and  on  account  of  its  unsttible  character  it  is 
Dsuited  for  an  antiseptic. 

Botter^S  AntiBeptic  Solution.— Rotter  has  combined  a  great  number  of 
itiseptics  in  one  solution.     To  one  litre  of  water  are  added  bichloride  of  mer- 
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cury  0.05  gramme,  sodium  chloride  0.25  gramme,  carbolic  acid  2.0  gramma, 
chloride  and  sulphoK^arbolate  of  zinc,  each  5.0  grammes,  boric  acid  3.0 
grammes,  salicylic  acid  0.6  gframme,  thymol  0.1  gramme,  and  citric  acid  0.1 
gramme.  The  ingredients  of  this  solution  are  also  combined  in  tablet  form, 
and  called  '*  Rotterin.''  Rotter  also  left  out  of  this  solution  bichloride  d 
mercury  and  carbolic  acid,  and  considers  that  the  remaining  ingredients  have 
a  stronger  antiseptic  action  than  one-ten th-per-eent  solution  of  bichloridB 
alone.  Beyer  has  demonstrated  that  all  these  different  antiseptics  combined 
in  the  one  solution  do  not  undergo  any  change. 

Aniline  Dye& — Stilling  recommends  the  aniline  dyes  for  antiseptics  in  Che 
form  of  an  aqueous  solution  of  (pyoktanin,  Merk.)  methyl  violet  (1  to  1,000X 
but  its  value  has  not  been  confirmed  by  others  (Carl,  Jaenicke,  Petersen,  etc). 

LyioL — Lysol  in  one  fourth-  to  two-peivcent  aqueous  solution,  manafao- 
tured  by  Schiilke  Sc  Mayer,  in  Hamburg,  is  an  excellent  and  relatively  noiiT 
poisonous  antiseptic,  and  is  recommended  by  Engler,  K  Schmidt,  Gtolach, 
etc^  and  has  been  much  used  in  operations.  On  account  of  its  cheapncn 
and  its  non-poisonous  character  lysol  is  very  well  adapted  fo)r  disinfecting 
and  cleansing  purposes,  instead  of  carbolic  acid. 

SolveoL— Solveol  (Hammer,  A.  Hiller),  a  cresol  compound  (neutral  aque- 
ous solution  of  creosol)  in  0.5-per-cent  solutions,  has  a  more  xx>werful  anti- 
septic action. than  five-per-cent  carbolic  solutions,  and  it  is,  furthermore^ 
comparatively  non-poisonous. 

lehthyoL — Ichthyol  is  extensively  used  in  the  treatment  of  eiysipelas 
and  other  skin  diseases.  Latteux  commends  the  antiseptic  effect  of  five-  to 
ten-per-cent  solutions  for  irrigating  purposes. 

AlnmnoL — Alumnol  (Heinz,  Liebrecht)  is  a  white  powder  which  ishighlj 
recommended  for  the  treatment  of  skin  diseases  and  gonorrhoea,  and  in  one- 
half-  to  two-per-cent  solutions  for  the  disinfection  of  cavities,  absceaBO^ 
infected  wounds,  ulcers,  etc.  Cauterisation  with  a  ten-  to  thirty-perH^ent 
solution  is  useful  for  cleansing  ulcers. 

Tnmendl  has  been  recommended  by  Neisser  for  the  treatment  of  ero6ionfl» 
excavations,  ulcers,  eczema,  and  other  skin  diseases. 

Tencrin^ — Mosetig-Moorhof  reports  good  results  from  injections  of  tea-, 
erin  for  local  fungous  lesions.  It  is  an  extract  of  teucrium  scordium,  which 
has  a  marked  action  on  the  vasomotor  nerves. 

PreparationB  of  Silver. — Silver  is  an  excellent  antiseptic,  and  Crede  hai 
developed  a  method  of  treating  wounds  with  silver  preparations  which  i* 
based  on  exact  bacteriological  experiments.     He  covers  sutured  and  open 
wounds  with  his  silver  gauze  and  dusts  itrol  (argentum  citricum)  over  pane* 
tured  wounds.    The  silver  gauze  contains  metallic  silver  in  a  very  finely 
divided  form ;  it  is  absolutely  non-irritating,  and  develops  an  antiseptic 
action  in  a  wound  as  soon  as  germs  make  their  appearance,  because  the  latter 
produce  lactic  acid  which  forms  lactate  of  silver,  a  strong  antiseptic    Itroi 
and  actol  (argentum  lacticum)  are  used  in  solutions  of  1 : 4,00(V-8,000  for  irri- 
gation.    As  actol  is  absolutely  non-poisonous,  Crede  uses  it  internally  in 
sepsis  and  pyaemia.     He  also  impregnates  silk,  catgut,  and  drainage  tube* 
with  silver.     The  stains  on  the  linen  produced  by  the  silver  salts  are  easily 
removed,  even  when  old,  by  placinor  tlie  stained  linen  for  a  few  minutes  in  a 
solution  of  1  jaraninie  bichloride,  2.(RK)  grammes  water,  and   25  grammea 
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todiom  chloride.     It  is  then  thoroughly  rinsed  off.    Crede  succeeded  in  pre- 


Bilv< 


that  is  soluble  i 


He  recomnieuds  this  solutiou  of 


■llic  silrei*  (0.5-per-ceut  solutiou)  both  for  iotertial  use  and  for  subcu- 
s  or  iutravenous  injections.      He  also  uses  an  ouitment  conlaining 

■llic  silver  for  inunctions,  in  cellulitis,  lymphangitis,  septic  intoxication, 
smrlet  fever,  diphtheria,  etc.  It  is  not  yet  possible  to  give  a  correct  opinion 
of  the  internal  antiseptic  values  of  silver,  as  the  number  of  observations  is 
loo  small.  In  some  cases  I  have  seen  surprisingly  good  results,  and  in  others 
they  were  negative.     Ungueutum  Crede  contains  fifteen  per  cent,  of  silver. 

Other  AntJBeptici. — There  are  still  to  he  mentioned  alum,  quinine,  chloral 
(rjue  to  four  per  cent  iu  water),  clilorof-orm  water  (SaJkowski),  chloride  of 
lime,  carbonate,  acetate,  and  chloride  of  lead,  acetic  acid,  pennanganate  of 
poUssium  (from  1 : 1.OUO-IOO).  camphor,  and  the  spirits  of  camphor,  glycerine, 
si^ar,  sulphate  of  ainc,  oxide  of  ainc,  citric  acid,  trichlorphenol  (one-  lo  ten- 
pep«enL  solution),  turpentine,  tar,  peroxide  of  hydrogen,  sulphuric  acid,  and 
the  sulphates  and  subsulphates  of  the  alkalies,  picric  acid,  resorcin.  balsam 
of  I^ru.  styron  (one  per  cent),  charcoal,  powdered  coffee,  naphthot  (soluble 
in  3,000  parts  of  water,  but  more  soluble  by  the  addition  of  alcohol),  tannic 
■od,  chromic  acid,  bichromate  of  potassium,  aseptol  (two- to  ten-per-cent.), 
■Kptic  acid  (dve-  lo  ten-per-cent.  solution),  etc, 

§  47.  Vhicli  AntisepticB  and  which  Autiseptio  or  Aseptic  DreesijigB 
•n  the  Beit? — Which  antifeptic  amoug  the  great  numlier  wlucli  are 
recommemled  is  the  most  powerful  and  at  tlie  same  time  the  beet 
idtpteil  to  the  treatment  of  wounds  ?  Mj  own  experience  places  car- 
bolic acid  and  liichluride  of  mercury  at  the  head  of  the  list  for  cer- 
uinly  in  action,  and  if  used  with  caution,  particularly  iu  the  case  of 
children  and  cachectic  individuals,  they  are  also  devoid  of  danger. 
For  aseptic  operations  ccmmon  salt  solution  or  simply  sterilised  water 
mty  be  used.  Among  the  otlier  antifieptics  the  ones  which  1  consider 
tbe  lieet  are  boric  acid,  acetate  of  aluniinium,  f^reolin,  lysol,  salicylic 
icid,  iodoform,  oxide  of  zinc,  and  dermatol.  The  method  of  their 
applitrution  has  Ijeen  sufficiently  described  above. 

Whif^h  anliiteptic  ur  axeptic  vutterial  is  the  best  for  dressings  I 
Tb^  Qomber  is  almost  without  limit,  and  the  choice,  as  we  have 
remarked,  is  more  or  less  a  matter  of  taste.  But  the  great  principles 
involved  remain  the  same,  namely,  that  the  operation  nmst  he  con- 
ducted with  the  strictest  attention  to  asepsis  and  tliat  the  arrest  of  the 
bemorrhage,  the  drainage,  and  the  suturing  of  the  wounds  should  all 
be  carried  out  with  the  greatest  care.  The  fate  of  the  patient  who 
bis  been  openite<]  upon  depends  very  largely  upon  whether  the  oper- 
Haaa  has  been  performed  aseptically  or  not.  The  dixissiug  that  is  put 
OB  the  wound  hits  no  longer  the  importance  tliat  was  at  one  time 
ascribed  to  it.  Ir  should  consist  of  freshly  sterilised  material  whicli 
bat  good  absorptive  power  (gauze,  cottou,  moss,  wood   wool,   paper 
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wool,  etc.).  Moss,  wood  wool  or  excelsior,  jute,  etc.,  are  covered  with 
sterilised  gauze  and  applied  in  the  shape  of  sterilised  pads  or  cashiona. 
All  materials  used  for  dressings  should  be  sterilised  by  steam  at  a  tem- 
perature of  100°-130°  C.  for  twenty  to  thirty  minutes  in  a  steam  ster- 
ilising apparatus.  Dressings  which  have  been  impregnated  with  anti- 
septics become  after  a  time  less  aseptic,  and,  furthermore,  prodace 
irritation  of  the  skin  and  cause  an  eczema  (see  pages  3,  4).  My  own 
method  of  apphnng  a  dressing  is  very  simple,  and  is  ordinarily  done  aft 
follows:  The  wound,  or  the  suture  line,  is  covered  with  several  layen 
of  sterilised  gauze  or  iodoform  gauze ;  over  this  is  placed  cotton  which 
has  been  sterilised  by  steam  at  a  temperature  of  lOO*'  C.  (212®  f .). 
The  less  the  wound  is  irritated  by  antiseptics,  or,  in  other  words,  the 
dryer  the  operation,  so  much  the  less  is  the  subsequent  secretion  from 
the  wound,  and  there  is  consequently  less  need  of  dressings  having 
great  absorptive  powera  like  moss  pulp,  wood  wool,  etc. ;  gauze  covered 
with  absorbent  cotton  or  jute  cushions  will  be  all  that  is  required. 

To  favour  the  drying  of  the  secretion  from  the  wound  within  the 
dressings  the  gutta-percha  or  mackintosh  should  be  avoided,  except  in 
the  case  of  young  children,  when  some  water-tight  substance  should  be 
employed  to  prevent  the  dressings  from  becoming  soiled  by  urine, 
fteces,  etc.  In  small  children  I  often  dispense  with  the  dressing.  All 
the  dry  antiseptic  dressings  are  much  better  than  those  of  the  wet 
antiseptic,  occlusive  variety,  as  the  latter  are  apt  to  occasion  an  eczema 
frequently  lasting  a  good  while,  and  increase  the  danger  of  poisoning, 
particularly  from  carbolic  acid  and  bichloride  of  mercury.  But,  as  we 
shall  see,  wet  dressings  are  sometimes  most  excellent  for  contused  and 
suppurating  wounds.  I  never  apply  antiseptic  dusting  powders,  like 
iodoform,  bismuth,  salicylic  or  boric  acids,  to  a  wound  which  has 
been  closed  by  sutures.  This  powder  dressing  is  chiefly  suited  for 
wounds  which  have  not  been  closed  by  sutures  and  for  those  which 
are  granulating  or  suppurating.  Open  wounds  are  often  packed  with 
sterile  <^r  iodoform  gauze  and  then  closed  by  secondary  sutures  from 
two  to  four  days  after  removal  of  the  packing.  I  attach  great  impor- 
tance to  the  use  of  a  moderate  amount  of  pressure  upon  the  wound, 
particularly  after  the  extirpation  of  tumours.  For  this  purpose  the 
gauze  is  folded  up  so  m  to  make  a  pad.  Antiseptic  sponges  have  also 
been  employed  with  good  results  for  exerting  pressure  on  wounds. 
For  an  ointment  I  prefer  boric  acid  or  plain  vaseline.  For  covering 
the  suture  line  and  touching  up  superficial  erosions,  granulations,  etc, 
I  often  make  use  of  zinc  glue  or  bismuth  paste  (bismuth  stirred  up  in 
a  little  bichloride).  If  it  is  necessarv  to  disinfect  an  alreadv  infectec 
wound,  I  use  solutions  of  bichloride  of  mercury  (1  to  1,000-5,000). 
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The  aDtiseptic  and  aseptic  dreeeings  should  be  ae  lai^  ae  conven- 
ioit,  diongh  I  do  not  consider  this  now  of  as  much  importance  as  I 
wed  to.  Afieptic  operation  wounds,  for  example,  after  a  laparotomy, 
nii^  simply  be  covered  with  collodion  or  bismuth  paste.  For  apply- 
ing the  dressing  the  patient  should  be  placed  in  the  most  suitable  posi- 
tJOD.  For  bandaging  the  head,  shoulder,  and  thorax  the  patient  should 
be  made  to  aeanme  a  sitting  posture,  while  for  the  abdominal  region 
me  or  more  cushioned  props  (Fig.  143)  are  placed  under  the  patient 
vbile  the  legs  are  held  by  an  assistant.     Splints  of  wood,  sheet  metal^ 


plaBter  of  Paris,  or  wire,  etc.,  serve  to  immobilise  an  extremity  (see  § 
^).  For  less  serious  cases  thin,  pliable  wooden  hoops  are  exceedingly 
MehiL  One  of  the  great  advantages  of  the  antiseptic  and  ase})tic 
■DGlhods  of  treating  wounds  lies  in  the  fact  that  the  dressing  requires 
much  less  frequent  renewal  than  formerly,  when  the  unsatisfectory 
occlnsive  dressing  was  employed. 

Figs.  143  and  144  illustrate  two  methods  of  applying  an  aseptic 
fnssiDg  to  the  skull  and  the  head,  neck,  and  chest.  TIic  particulars 
ire  given  in  §  -"iO, 

§  48.  The  Changing  of  va  Antiieptio  or  an  Aseptic  Dressing. — When 
ull  an  aseptic  dressing  be  changed  i  In  the  first  place,  the  nature  of 
je  case  and  the  kind  of  operation  or  injury  must  he  considered. 

In  genera]  it  has  been  my  experience  that  a  change  of  the  dressing 
called  for  under  the  following  conditions : 
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1.  When  the  temperature  rises  above  SS.o""  C.  (101.3''  F.). 

2.  When  the  dressing  becomes  soiled  from  without — ^for  example, 
by  urine  or  other  excretory  matter. 

3.  When  the  patient  is  suffering  severe  pain. 

4.  When  the  dressing  becomes  displaced  or  loosened,  or  when  the 
secretion  from  the  wound  has  saturated  the  dressing. 

Whenever  fever  occurs — and  I  make  a  regular  practice  of  con- 
sidering any  rise  of  temperature  above  38.5®  C.  (101.3®  F.)  under  thif 
heading — I  change  the  dressing,  and  am  pretty  sure  to  find  that  then 
is  either  some  slight  disturbance  in  the  wound,  a  retention  of  the 
secretion,  or  a  stitch  which  is  too  tight,  etc.  As  a  general  thing,  in 
my  own  operations  I  have  very  seldom  observed  any  rise  in  tempera- 
ture al>ove  38.4®  C.  (101®  F.).  Other  surgeons  have  noticed  arific 
of  tem{)erature  of  several  degrees  during  the  healing  of  a  perfectly 
aseptic  wound.  Volkmann  and  Genzmer,  especially,  have  made  in- 
vestigations upon  this  fever  and  have  called  it  the  ^^  aseptic- wound 
fever/'  I  have  very  seldom  seen  the  aseptic-wound  fever,  and  when 
a  rise  in  temperature  does  occur  while  the  healing  process  is  going  on 
it  will  usually  be  found  to  take  its  origin  from  some  perceptible  ab- 
normity in  the  wound.  Opinions  vary  as  to  the  cause  of  this  aseptic- 
wound  fever.  Volkmann  and  Genzmer  consider  it  an  absorption  fever 
produced  by  the  entrance  into  the  general  system  of  the  relatively 
homologous  products  of  metabolism  and  disintegration  which  are 
formed  in  every  wound.  Sonnenburg  and  Kiister  believe  that  aseptic- 
wound  fever  is  caused  by  carbolic-acid  poisoning.  Both  of  these  views 
are  of  use  in  explaining  the  phenomena.  My  own  view  of  the  aseptic- 
wound  fever  leads  me  to  l>elieve  that  it  is  caused  by  the  absorption  of 
lymph  and  the  fibrin  fennent  from  the  blood  lying  in  the  wounA 
This  librin  ferment  is  formed  the  more  abundantly  the  more  the  wonnd 
has  been  irritated  by  carbolic  acid  or  other  strong  antiseptic  solutions. 
I  l)elieve  I  am  not  mistaken  in  affirming  that  all  surgeons  who  make 
free  use  of  solutions  of  Inchloride,  carbolic,  or  other  irritating  antisep- 
tics in  their  treatment  of  wounds,  will  frequently  notice  aseptic  rises 
in  temperature,  while  those  surgeons  who  are  cautious  in  their  use  of 
antirteptics,  and  prefer  asepsis  to  antisepsis,  will  only  observe  this  plie- 
noiiienon  in  a  few  exceptional  cases.  Many  surgeons — Neuber,  for 
iiistMnce — liave  recommended  that  the  dressing  he  allowed  to  remain 
un(listiirl>e<l  in  such  instiinces  of  aseptic  fever,  claiming  that  a  change 
of  dressing  only  creates  further  disturbance  in  the  wound,  and  is  const 
<piently  Imrinful.  I  cannot  a<rree  to  tliis  statement,  though  I  seldon 
have  to  do  with  fever  following  an  operation.  If  it  di>es  occur, 
always  change  the  dressing  as  a  matter  of  course,  if  the  temperatur 


BB  CHANGING  OP  AN  ANTISEPTIC  DRESSING. 


iTr 


«li^t  T 


B  38.5**  C.  (101.3  F.),  and  I  usiiallj'  find,  as  I  have  said,  soma  I 
it  Tariation  from  the  normal  in  the  healing  process.  I  prefer  to  I 
fknge  the  dressing  as  infrequently  aa  posfiiiile,  and  I  am  particularly  I 
rarefnl  to  avoid  irritating  the  wound  by  excessive  irrigation,  washing  ] 
uot,  etc.     It  can  only  do  hann.  1 

From  what  has  heeii  said  so  far,  we  can  readily  understand  tha  I 
importance  of  ascertaining  a  padent^e  temperature  in  the  morning  and  I 
ereoing,  or,  in  more  important  cases,  three  to  four  tiuies  a  day,  or  | 
even  every  two  hours,  and  it  is  best  taken  in  the  rectum.  I  prefer,  if  ] 
there  is  fever,  to  change  the  dressing  too  frequently  rather  than  allow  | 
una  to  remain  too  long.  If  tlie  discharge  should  soak  through  the  I 
dressings,  they  can  stiil  be  left  undisturbed,  if  only  the  external  layers  ] 
lemain  dry  and  no  fever  is  present.  Additional  layers  of  dressing  | 
may  be  placed  on  the  outside,  if  necessary.  I 

My  rules  fur  changing  an  antiseptic  dressing  are  aa  follows :  If  the  1 
WMind  is  hirge,  and  there  is  considerable  discharge,  I  change  the  firat  ] 
dressing  after  the  expiration  of  twenty-four  to  thirty-six  hours,  even  H 
though  there  is  tio  rise  in  temperature;  or  I  allow  the  first  antiseptio  j 
dressing  to  remain  undisturbed  till  the  end  of  the  third  to  the  fourth  •] 
to  the  eighth  day,  according  to  the  nature  of  the  case.  Drains  are  I 
removed  at  the  end  of  the  first  twenty-four  hours,  or  on  the  second  to  J 
the  third  day,  the  stitches  generally  on  the  third  to  the  fifth  day.  j 
After  a  laparotomy  which  runs  a  normal  course  without  reaction,  I  ] 
change  the  first  dressing  on  the  eighth  to  the  twelfth  day,  according  to  ! 
the  size  of  the  alidominal  wound,  an<l  at  the  same  time  I  remove  the 
stitches,  though  if  the  wound  is  under  considerable  tension  a  stitch 
lere  and  there  is  left  in  place  for  a  little  while  longer.  '    ' 

An  aseptic  dyemtiiig  should  he  I'hfintjed  tuihj  icith  the  strictest  •tttt:n- 
tim  to  the  rules  of  antixejiKis,  and  everything  which  is  required  for  the 
dnesing,  p&rticuhirly  the  gauze,  bandages,  etc.,  is  to  be  prepared  in 
advance  in  the  proper  manner.     The 
iuetruiiients,  such  as  scissors,  probes, 
funwps,  etc.,  should  be  boiled  in  a 
one-per-cent.  soda  solution  and  placed 
in  a  sterile  soda  or  salt  solution  ;  the 
fpongea  or  gauze  pads  slionld  lie  in  _ 

a  one- tenth -per-ccnt,  solution  of  bi- 

rliloride  or  in  salt  solution.  The  liands  are  to  l>e  disinfected  with  the 
ffreatcst  care  (see  page  IH).  The  dressing  is  then  slit  up  with  strong 
bandage  scissors  ( Fig.  145).  or  the  bandage  is  unwound,  and  after  it 
has  l>ecn  thoroughly  washed,  disinfected,  and  sterilised  by  steam  at 
100°  C,  it  may  be  used  again  as  a  non-antiseptic  bandage ;  but  it  is 


178     THB  ANTISEPTIC  AND  ASEPTIC  PROTBOTIVB  DRESSINGS. 

a  better  plan  to  bnm  all  dressings  iiiimetliately  after  they  have  been 
taken  ofE.     I  never  use  the  carbolic  spray  now. 

After  removing  the  bandages  and  suijerticial  portions  of  the  dress- 
ing, the  hands  are  again  disinfecteil,  and  then  the  portion  of  the  dress- 
ing lying  in  contact  with  the  wound  is  removed  as  earefiiJiy  as  possi- 
ble. If  it  adheres  to  the  skin  or  to  the  wound,  it  ghoiild  be  softenc-d 
by  squeezing  out  upon  it  a  few  droi>8  of  the  antiseptic  solution  or 
sterile  salt  solution.  The  wound  is  then  examined  by  pressing  here 
and  there  very  lightly  with  the  index  and  middle  lingers  to  ascertain 
whether  there  is  any  retention  of  the  secretion,  and  iinally  the  dniins, 
stitches,  etc.,  are  removed.  If  the  healing  process  is  progressing  nor- 
mally in  every  resjiect,  there  should  lie  no  syringing  out  or  washing 
off  of  the  wound,  and  all  that  is  necessary  is  simply  the  application  of 
a  fresh  dressing.  The  forcing  of  antiseptic  solutions  through  the 
drainage  tubes  is  particularly  to  he  avoided,  as  it  always  does  harm,  and 
I  never  indulge  in  this  practice  except  when  suppuration  is  present, 
and  then  only  rarely.  If  the  di-ains  become  occluded  by  blood-clots 
and  are  to  remain  in  the  wound,  they  shouhi  be  made  pervious  by 
passing  a  probe  through  them ;  or,  better  still,  they  should  be  taken  out 
of  the  wound,  washed  in  a  three-per-cent.  solution  of  carbolic  or  1  to 
1,000  bichloride,  and  finally  reinserted  with  a  safety  pin  attached  to 
them  to  prevent  them  from  slipping  into  the  wound,  or  else  entirely 
new  drainage  tubes  may  be  employed.  Very  often  a  stitch  which  is 
cutting  into  the  tissues  or  is  drawn  too  tight  must  be  removed  at  the 
end  of  twenty-four  to  thirty-six  hours.  The  presence  of  swelling  and 
redness  indicates  a  retention  of  the  secretion,  which  should  then  be  let 
out  by  one  or  more  incisions  with  the  knife,  with  or  without  subse- 
quent drainage.  K  there  is  an  appreciable  amount  of  suppuration  it 
may  be  necessary  in  some  cases  to  change  the  dressing  every  day  for 
a  time,  or  to  substitute  for  the  antiseptic  occlusive  dressing  some  other 
flimpler  kind.  Should  erysipelas  occur,  the  employment  of  ichthyol  is 
to  be  recommended,  and  the  antiseptic  occlusive  dressing  can  be  main- 
tained. 

Even  when  the  wound  remains  uninterrupted  ly  aseptic,  bacteria  are 
commonly  found  m  the  antiseptic  or  aseptic  dressings.  These  bacteria 
belong  chieliy  to  the  n  on -pathogenic  species  of  skin  coccus,  and  do  not 
interfere  with  the  normal  process  of  healing.  If  the  SUtphy!.ococcu^ 
pyogeu^  aureus  and  the  StrepUKoccits  pyogenes  are  found,  there  will 
probably  be  a  disturbance  in  the  wound,  but  the  presence  of  the  SUipktj- 
lococcua  pyogenes  a/iits  only  exceptionally  causes  an  infection  of  the 
wound  (Tavel,  O.  Lang,  A.  FIa<ih).  Dressings  which  have  been  allowed 
to  remain  in  place  a  long  time  will  give  off  a  bad  odour  not  unlike  old 
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rlieese,  raoBed  ortlimirily  by  the  decomposition  of  sweat  and  sebaceous 
matter.  Not  infretjuently  there  will  be  found  an  eczema,  especially  if 
uret  carbolic  or  bichloride  dressings  have  been  yeed,  and  this  ia  best 
treated  by  the  application  of  vaseline  or  the  iingt.  lithai^yr.  Hebne,* 
10(1  by  (lusting  it  over  with  bismuth  and  starch  (1  to  5-10  parts),  or 
oiide  of  zinc  and  starch  (1  to  5-10  parts),  or  by  applying  Lassar'a 
piete  (oxide  of  zinc  and  powdered  starch  M  10  parts,  salicylic  acid  1 
put,  vaseline  30  parts).  Such  eczemas  cau  be  best  avoided  by  the  use 
of  simple,  etorilised,  dry  dressing  materials. 

Eemna  of  tlu  Smgeon'R  HaildB  has  become  less  common  sinix  the  intro- 
diKtioii  of  asepsis,  but  it  does  occur  in  those  predisposed  to  it,  and  not  always 
Btthe  twginiiing  of  their  aui-giciil  career.  It  is  a  good  plan  for  such  persons, 
■Tier  sterilisation  of  the  hands,  to  anoint  them  while  still  wet  with  a  sterile 
grvaay  nial^rial  (e.  g..  olive  oil.  gljc«rine,  lanolin,  and  vaseline,  equal  parts, 
into  two  per  c«nL  r«sorcin).  Eczema  is  treated  in  the  same  way.  Lassar 
recoinmentb  the  use  of  tar  oil  with  alcohol  at  night.  The  hands  are  then 
washed  half  an  liour  later  with  soap  and  water,  and  then  covered  overnight 
with  two  per  cent,  salicylic  paste  or  zinc-oil  paste  [DO  parts  line  oxide,  40 
parts  olive  oil).  Before  applying  the  tar  the  following  paste  can  be  used 
(Ldssar)  :  0-naphthol  10,  sulph.  subt.  40,  sapon.  virid.  and  vaseline  Sa  3U 
puis.  Then  ten  to  fifteen  minutes  later  tweuty-flve  per  cent  chrysarobin  in 
lanolin  is  applied,  and  in  ten  t^i  fifteen  minutes  more  the  tar.  Rotter  recom- 
mends for  moist  efseina,  formalin  0,25-0.5.  zinc  oxide  and  talcum  aa  3S  parts, 
vaseline  50  parts.  It  is  sometimes  necessary  to  stop  surgi(;al  work  for  a 
tiine.  The  action  of  the  dilferent  remedies  is  very  variable.  Sometimes  the 
best  remedies  are  used  in  vain,  and  then  suddenly  one  may  be  helped  hy 
simply  using  hot  water,  and  another  by  cold  water  or  an  ice  hag,  painting 
witli  egg  albumen,  etc 

If  the  wonnd  has  healed  there  ia  generally  no  further  need  of  any 
dressing.  In  other  cases  it  may  be  necessary  to  cover  granulating  ai'eaa 
or  drainage  holes  with  some  ointment  like  boric-acid  ointment,  or  by 
sticking  plaster,  i(jdoforni  collodion,  or  with  iodoform,  zinc  oxide,  or 
bisranth  powder,  or  with  a  piece  of  simple  dry  gauze  or  cotton.  Bis- 
muth-bichloride jtaste,  made  by  simply  mixing  bismuth  with  a  little 
bichloride  solution,  forme  an  excellent,  rapidly  drjHng  scab,  and  I  use 
it  a  good  deal  in  place  of  adhesive  plaster.  I  very  often  allow  an 
•eeptic  material  which  has  l>ecome  dry  to  remain  on  the  wound  like  a 
scab,  with  or  without  a  protecting  bandage.  After  a  time  the  aseptic 
Bcab  drops  off  &nd  the  wonnd  is  found  to  be  healed. 


CHAPTER  II. 

OTHER   METHODS   OF   TREATING   WOUNDS. 

The  old-fashioned  protective  dressing. — Open  method  of  treating  wounds. — Healing 
beneath  a  scab. — Antiseptic  bathing. — Immersion. — The  use  of  warm  baths. — 
Cataplasms. — Poultices.^I5old. — Ice.— Letter's  cooling  apparatus. — Adhesive  sub- 
stances (sticking  plaster,  gauze  adhesive  plaster,  English  plaster,  collodion,  pho- 
toxylin,  traumaticin,  gummi  laccae). — Ointments. 

§  49.  Other  Dressmgpi  for  Wonnds. — The  old-fashioned  protective 
dressings  of  sticking  plaster,  charpie,  ointments,  etc.,  are  no  longer 
used  at  the  present  day,  and  after  operations  we  now  cover  the  wound, 
without  exception,  with  antiseptic  or  aseptic  dressings,  though  in  the 
case  of  small  fresh  wounds,  or  those  which  are  granulating,  we  occa- 
sionally employ  adhesive  plaster,  collodion,  iodoform  collodion,  and 
antiseptic  salves,  boric-acid  ointment,  for  example. 

Open  Method  of  treating  Wonnds. — The  open  method  of  treating 
wounds  is  the  simplest  one  of  all.  Small  superficial  wounds  are  now 
allowed  to  go  without  any  dressing,  especially  when  the  blood  and 
secretion  from  the  wound  becomes  dried  and  thus  forms  a  protecting 
crust  beneath  which  the  wound  heals. 

Healing  beneath  a  Scab. — The  healing  under  a  scab,  which  occurs 
in  small  wounds,  has  been  made  the  basis  of  a  separate  method  of  treat- 
ment, in  which  an  attempt  is  made  to  form  a  scab  artificially  over 
wounds  having  an  abundant  secretion  by  the  application  of  dry  sub- 
stances, such  as  tinder  and  various  kinds  of  powders,  or  a  dry  eschar  is 
made  by  some  strong  caustic,  like  nitrate  of  silver,  liq.  ferri  sesquichlor., 
the  hot  iron,  etc.  All  these  different  ways  of  accomplishing  the  same 
result,  if  carried  out  with  no  antiseptic  precautions,  even  though  the 
wound  be  small,  are  not  devoid  of  danger.  But  the  modem  surgeon 
never  fails  to  treat  every  wound,  including  the  very  smallest,  upon  anti- 
septic principles,  because  we  know  that  even  the  most  insignificant  lesion 
in  the  skin,  under  certain  conditions,  may  cause  a  septic  cellulitis  or  an 
erysipelas  which  can  prove  fatal.  On  the  other  hand,  Schede's  method 
of  treating  wounds  by  permitting  a  moist  aseptic  blood-clot  to  remain 
(see  page  109)  is  to  be  looked  upon  as  a  real  advance  in  this  branch  of 

surgery.     As  above  stated,  it  is  an  excellent  plan  to  permit  the  dried 
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e^ings  to  remain  upon  the  wound  like  a  dry  aseptic  scab,  until  thej 
me  away  of  tiieir  own  accord  when  the  wound  has  healed. 

This  open  method  of  treating  wounds  yielded  relatively  excellent  results 
1  ihe  preanliseptic  days  of  surgery,  even  when  used  for  large  wounds,  such 
i  amputations,  disarticulations,  compound  fractures,  etc.,  and  was  practised 
.11  supplanted  by  the  antiseptic  dressing. 

In  the  open  method  of  treatment  the  wound  was  not  provided  with  any 
Iressino',  but  left  entirely  exposed,  or  only  lightly  covered  with  antiseptic 
loupresses.  It  was  not  closed  with  sutures  until  later  on,  when  a  few  coap- 
lalion  sutures  were  used.  In  this  way  the  escape  of  the  secretion  from  the 
vouni]  was  favoured.  If  the  wound  was  situated  on  an  extremity,  the  latter 
Wis  placed  in  a  proper  position  to  facilitate  the  escape  of  the  discharges, 
vhich  were  received  in  a  vessel  or  bowl  placed  beneath.  The  crusts  which 
formed  in  the  wound,  from  dried  blood  or  secretions,  were  softened  and 
rtnioved  by  means  of  antiseptic  solutions  or  by  carbolised  oil.  The  principal 
adrantages  in  the  treatment  of  a  wound  by  the  open  method  were  a  ready 
onpe  nf  the  secretions,  complete  rest  which  was  undisturbed  by  change  of 
dreffiings,  and  finally  absence  of  pressure.  It  had  the  disad- 
nutage  that  wounds  healed  ^ilowly  and  only  after  suppuration. 

Id  cases  where  the  antiseptic  occlusive  dresMing  is  no 
longer  advisable  on  account  of  euppuration,  or  a  threaton- 
ing  systemic  infection,  when  it  may  even  become  danger- 
am  from  the  preesnre 
it  exerts,   the    open 
method   of   treating 
KODDds,  particularly 
in  eonjuDction   with 
cuntinnous  autiseptic 
irrigation,  is  now  in 
Kty  general  use,  and 
V    an     exceedingly 
nkable    means    of 
toQdling  these  cases.  '. 

Contiiiaoiu  Irriga- 
tio.  —  For  continu- 
ODg  antiseptic  bath- 
ing of  a  wonnd,  or,  in 
other  words,  for  con- 
tinaooB  irrigation, 
mch  antiseptic  sola- 
tioDS  should  be  used  as  involve  no  danger  to  the  patient  from  their 
ibeorption  and  produce  no  symptomB  of  poisoning.  Of  these,  the  best 
je  three-tenths-per-cent.  solutions  of  salicylic  acid  ;  the  Iwro-salicylic 
olntion  (1  part  of  salicylic  acid,  6  of  borax,  and  500  of  water) ;  or  solu- 
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tions  of  one  tenth  per  cent,  thymol,  four  per  cent,  boric  acid,  one  ha 
to  one  per  cent,  acetate  of  alaininiuni,  or,  what  is  the  best  solution  < 

all,  viz,,  Burow's  (described  on  page  162),  consistiD 
of  ten  per  cent,  subsulphate  of  sodium,  one  tenth  pc 
cent,  permanganate  of  potassium,  lysol,  etc.  Th 
wound  is  covered  with  a  light  gauze  compress.  Tb 
patient  is  made  to  assume  a  suitable  position,  ao( 
protected  by  means  of  water-tight  coverings  and  alw 
by  properly  regulating  the  overflow  of  the  irrigatioi 
fluid.  The  solution  is  made  to  drip  from  an  & 
march  irrigator  placed  in  some  elevated  spot,  oi 
from  an  improvised  irrigator,  such  as  an  invertec 
champagne  bottle  from  which  the  bottom  has  beei 
partly  removed  (Fig.  147),  or  the  excellent  apparatoi 
of  Starcke  may  be  used  (Fig.  148).  Fig.  146  illi» 
trates  the  proper  position  for  the  upper  extremit} 
when  continuous  antiseptic  irrigation  is  emplojed 
Starcke's  apparatus  consists  of  a  vessel  for  holding 
fluid  which  is  connected  by  a  rubber  tube  with  i 
lead  or  glass  pipe ;  this  is  fitted  with  numerous  out 
lets  also  connected  with  rubber  tubes  which  cau  h 
opened  or  closed  by  stopcocks  or  clamps,  and  bj 
means  of  wires  in  their  interior  can  be  bent  aw 
turned  in  any  desired  direction.  The  lead  or  glass  pipe  is  suspendec 
from  some  beam  or  support  by  a  couple  of  strings. 

If  Esmarch's  irrigator  or  the  inverted  champagne  bottle  are  usee 
as  in  Fig.  147,  the  fluid  is  made  to  escape  in  drops  or  in  any  requirec 
amount  by  means  of  a  stopcock  placed  at 
the  point  of  insertion  of  the  rubber  tube. 
If  the  tube  is  not  fitted  with  one,  the  out- 
flow of  fluid  can  ])e  regulated  by  a  clamp, 
or  a  piece  of  cotton,  or  a  few  strands  of 
jute  stuffed  into  the  lumen  of  the  tube,  or 
by  a  straw,  etc. 

Immersion* — Iiiimersion,  or  bathing  of 
the  whole  body,  or  separate  portions  of  it 
which  have  sustained  an  iniury,  is  in  nianv 
cases  indispensable.     The  continuous  im- 
mersion of  a  ])atient\s  whole  l)ody  in  a  warm  bath  day  and  night 
julapted  especially  for  pintj:rene,  extensive  burns,  cellulitis,  Ivedsorc 
urinary  and   fjecal  fistuliv,  and  for  the  after-treatment  of   operatio 
on  the  rectum,  bladder,  urethra,  etc.     The  bath  tub  is  usually  made 


Fio.  147.— IinprovUed 
apparatUH  ( irri^^utorj 
for  the  irrigatiou  ot 
u  wound. 


Fio.  14S. — Starcke*8  apparativ  ft 
tilt!  irrigation  of  a  wound. 
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»ntain  a  framework  of  wood  or  metal  fitted  with  slats  and  a  movable 
eadpieee  which  can  be  raised  or  lowered.  Covers  are  laid  over  the 
raine  and  an  air  cushion  on  the  headpiece,  and  thus  the  patient  is 
oade  very  comfortable.  The  patient  can  be  placed  on  an  ordinary 
heet  instead  of  a  frame,  and  in  this  way  can  be  raised  or  lowered  in 
;he  tab.  The  temperature  of  the  water  must  not  be  allowed  to  become 
too  cool,  and  it  is  best  to  regulate  it  according  to  the  wishes  of  the 
patient,  and  therefore  it  is  a  good  plan  for  him  to  be  able  to  regulate 
the  temperature  of  the  bath  himself  by  turning  on  or  letting  out  the 
water.  The  temperature  of  the  water  must  usually  be  maintained  at 
3r  to  38°  C.  (98.6°  to  100.4°  F.),  and  perhaps  more,  and  of  course  the 
patient,  while  asleep,  should  be  watched  very  carefully  by  a  nurse. 

Inflneiice  of  a  Continnons  Bath  on  a  Wound. — The  influence  of  pro- 
longed baths  of  this  kind  upon  a  wound  is  in  general  very  favourable. 
The  granulations  usually  swell  considerably,  and  it  occasionally  hap- 
pens for  this  reason  that  the  escape  of  the  discharges  is  rendered  dif- 
ficult, causing  retention  and  burrowing  of  pus  and  phlegmonous  in- 
flammations. The  wounds  should  hence  have  thorough  drainage. 
Nevertheless,  the  freely  granulating  surface  is  apt  to  become  covered 
with  skin  very  rapidly,  and  the  parts  surrounding  the  wound  become 
soft  and  yielding.  For  stimulating  the  growth  of  the  granulations, 
irritant  substances,  like  spirits  of  camphor,  etc.,  have  been  added  to 
the  bath,  or  the  wounds  have  been  dressed  with  them.  If  the  bath 
becomes  too  cold  there  is  a  possibility  of  necrosis  taking  place  here 
and  there  in  the  skin  ;  and  care  should  be  taken  in  subjecting  old 
people  to  prolonged  baths  on  account  of  the  danger  of  pulmonary, 
cardiac,  or  cerebral  disturbances.  In  extensive  fresh  bums  also  baths 
shoald  be  used  cautiously,  as  the  warm  water  lowers  the  vascular  tone, 
wd  in  this  way  cardiac  paralysis  may  result.  The  bath  is  very  much 
to  be  recommended  during  the  stage  of  suppuration. 

The  use  of  baths  for  separate  portions  of  the  body  which  have  been 
injured  needs  no  further  description. 

CataplasnUL— Warm  poultices,  either  dry  or  wet.  were  much  used  in  the 
tftatment  of  wounds  during  the  preantiseptic  days.  Fomentum,  a  hot,  wet 
application,  or  a  fomentation  as  it  is  called,  is  derived  from  foveo,  to  warm. 
Cataplasm,  or  poultice,  comes  from  the  Greek  word  KorairXdaata,  to  lay  on. 
Cataplasms  or  poultices  are  made  of  boiled  linseed  meal,  groats,  etc.,  which 
tfe  inclosed  in  gauze  or  linen -cloth  before  applying.  At  present  cataplasms 
ire  not  considered  proper  for  the  treatment  of  wounds,  and  we  only  use 
hem  when  we  desire  to  promote  suppuration  in  tissues  which  are  infiltrated 
ith  inflammatory  matter.  The  preparation  of  poultices  is  very  tedious, 
be  hot  poultice  is  renewed  by  warming  the  wet  cushion  upon  a  hot  plate, 
•  in  vessels  made  for  the  purpose  with  double  walls  between  which  the 
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water  is  placed  to  supply  the  moisture,  and  the  vessel  is  then  heated  over  a 
gas  or  spirit-lamp  flame.  For  doing  away  with  this  slow  process  there  have 
recently  heen  invented  artificial  cataplasms  about  the  weight  of  thin  paste- 
board. These  are  soaked  in  hot  water  and  applied  to  the  diseased  portion  of 
the  body  and  covered  over  with  some  water-tight  substance  and  then  with 
cotton.  They  afterward  swell  and  assume  a  pulpy  consistence.  A  mustaid 
paper  is  also  manufactured  which  has  a  very  irritating  effect  upon  the  skin. 
In  place  of  cataplasms  a  hot-air  apparatus  and  the  hot-water  coil  have  been 
used  a  good  deal  of  late.  This  local  application  of  heat  is  particularly  useful 
in  chronic  joint  diseases,  rheumatism,  etc. 

Antiseptic  Wet  Dresaing^ — The  application  to  woands  of  wet  anti- 
septic dressings  of  mull,  gauze,  lint,  linen,  etc.,  in  a  cold  or  hot  formia 
even  at  the  present  time  much  used  in  the  treatment  of  contused,  sap- 
pu rating,  and  granulating  woands.  Wet  dressings  of  one  per  cent 
acetate  of  aluminium  and  lead  water  are  used  a  great  deal,  and  are  pre- 
ferred to  dressings  containing  carbolic  acid.  The  latter  is  sometimea 
used  too  strong  by  the  laity,  and  also  changed  too  frequently.  I  Lave 
repeatedly  seen  gangrene  of  the  tips  of  the  fingers  caused  by  carbolic 
acid  applied  in  this  form.  A  distinct  warning  should  be  given  against 
the  employment  of  carbolic  and  bichloride  in  wet  dressings.  They 
always  irritate  the  skin,  and  may  cause  eczema  and  even  gangrene^ 
particularly  of  the  fingers  and  toes.  Gangrene  results  partly  in  conse- 
quence of  the  direct  chemical  action  of  the  carbolic  acid  upon  the  tissue 
elements  of  the  cutis,  and  partly  from  the  marked  transudation  into 
the  subcutaneous  cellular  tissue,  causing  disturbances  of  the  circulation. 
The  onset  of  gangrene  is  masked  by  the  ansesthetic  action  of  the 
carbolic.  Honsell  collected  from  literature  forty-three  cases  of  car- 
bolic gangrene,  particularly  of  the  fingers  and  toes ;  in  thirty  of  the 
cases  the  strength  of  the  solution  was  only  one  to  five  per  cent  I 
consider  carbolic  gangrene  rather  common,  most  of  the  cases  not  beiny 
reported.  The  sale  of  carbolic  solutions  to  the  laity  should  be  pro- 
hibited. What  has  been  said  of  carbolic  gangrene  is  true  of  bichloride 
gangrene,  which  is,  however,  rarer.  If  wet  applications  of  this  kind 
are  to  be  left  in  place  for  some  time,  possibly  one  or  two  days,  and  the 
effect  of  moist  heat  is  desired,  the  applications  should  be  covered  with 
rubber  tissue  over  which  cotton  is  laid,  and  the  whole  dressing  is  then 
fastened  in  position  by  a  bandage  (hydropathic  poultice  or  Priessniti'* 
poultice).  Wet  dressings  like  these,  particularly  if  made  with  lead- 
water,  or  one  per  cent,  acetate  of  aluminium,  have  a  powerful  stimn- 
lating  action  upon  granulations,  and  the  skinning-over  process  i 
occasionally  very  much  hastened.  If  cold  is  aimed  at  in  the  wet  appli 
cations,  for  reduction  of  the  heat  in  any  given  portion  of  the  body,  tb 
dressings  will  need  very  frequent  renewal. 
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Cold — ^Ice. — In  such  cases  it  is  best  to  use  ice  enclosed  in  rubber 
bags,  or  to  add  ice  or  snow  to  the  water  used  for  wetting  the  dressings ; 
or  else  make  a  cooling  mixture  consisting  of  one  part  ammonium  chlo- 
ride, three  parts  of  nitre,  six  parts  of  vinegar,  and  twelve  to  twenty- 
four  parts  of  water  (Schmucker). 

The  effect  of  ice  and  cold  applications  upon  the  wound  is  both 
analgesic  and  haemostatic.  Lately,  Leiter,  of  Vienna,  has  invented  an 
apparatus  for  obtaining  in  the  most  satisfactory  manner  the  effect  of 
cold  and  heat  upon  inflamed  and  injured  portions  of  the  body.  It 
consists  of  a  pliable  metal  tube  through  which  water  at  any  required 
temperature  is  allowed  to  flow.  The  metal  tube  can  be  made  to  as- 
sume any  desired  form,  such  as  a  cap  for  the  head,  or  a  coil  for  encir- 
cling an  extremity,  or  a  flat  piece  for  the  back,  etc.  A  similar  appa- 
ratus has  been  made  of  rubber  tubing,  and  used  as  a  cold  coil  for  an 
extremity,  an  ice  cap  for  the  head,  or  an  ice  bag  for  the  neck.  By 
allowing  hot  water  to  run  through  the  apparatus,  heat  of  any  desired 
intensity  may  be  applied  to  a  part. 

Adhesiye  Plaiter. — Small  wounds  and  granulating  wounds  in  the 
later  stages  of  healing  may  be  covered  with  adhesive  plaster,  collodion^ 
ointments,  etc.  Adhesive  plaster  is  made  of  some  substance  like  linen, 
cotton,  silk,  leather,  etc.,  covered  upon  one  side  with  a  sticky  material 
sDch  as  litharge,  olive  oil,  resin,  or  turpentine,  etc. ;  lead  plaster  is  made 
with  certain  resinous  substances,  with  oil,  wax,  turpentine,  etc.  The 
ordinary  German  adhesive  plaster  is  usually  warmed  over  the  flame  of 
a  spirit  lamp  before  being  applied,  and  then  laid  in  strips  upon  the 
desired  portion  of  skin,  which  has  been  previously  dried.  To  prevent 
the  plaster  from  adhering  to  the  hairs,  the  latter  must  be  first  shaved 
off  with  a  razor.  On  sensitive  skin  ordinary  adhesive  plaster  easily 
gives  rise  to  eczema.  The  less  irritating  emplastrum  cerussee  is  to  be 
recommended  in  this  particular,  although  it  does  not  adhere  so  well. 

American  Adhetiye  Plaster. — A  very  good  kind  of  sticking  plaster, 
ftough  somewhat  expensive,  is  the  American  adhesive  plaster  (Ellis's 
adhesive  plaster  cloth),  in  which  the  sticky  material  is  spread  on  mus- 
Kn,  linen,  or  silk. 

Engliih  Adhetiye  Plaster.  —The  English  plaster  adheres  very  well 
ind  is  useful  for  small  wounds  ;  it  consists  of  tine  sarcenet  having  on 
one  ride  a  solution  of  isinglass  and  on  the  other  tincture  of  benzoin 
iEmplwdrum  adhesivum  anglicum).  The  sticky  side  should  be  mois- 
tened with  some  antiseptic  solution  and  not  with  saliva,  and  then  ap- 
)h'ed  to  the  skin. 

Paris  Plaster. — The  Paris  plaster  is  more  flexible  and  adheres  even 
etter.     The  recently  invented  iodoform  plaster  consists  of  iodoform. 
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glycerine,  and  mucilago  gummi  arabici,-  which  is  made  into  a  solation 
and  spread  over  linen. 

There  are  many  other  kinds  of  adhesive  plaster  which  may  be 
found  in  the  Pharmacopoeia.     Unna  has  introduced  a  very  exeeUent 
gauze  adhesive  plaster,  made  of  oxide  of  zinc  or  iodoform  spread  on 
gauze  with  some  sticky  substance,  and  it  is  often  preferable  to  the 
ordinary  adhesive  plaster.     Pick's  salicylic  soap  plaster  and  Beie»- 
dorf  s  salicylic-acid  soap  plaster  are  both  useful. 

Collodion, — Of  the  other  adhesive  materials  I  should  mention  especially 
collodion,  which  is  a  solution  of  gun  cotton  in  ether  and  alcohol.  By  tlu) 
evaporation  of  the  ether  and  alcohol  the  collodion  dries  in  the  form  of  a  firm 
covering  which  adheres  excellently  to  the  skin.  It  is  not  suitable  for  apply- 
ing to  fresh  wounds  on  account  of  the  irritation  it  causes.  Iodoform  colkh 
dion  (1  to  10)  is  frequently  used  as  a  protective  dressing,  and  it  is  far  beUer 
than  adhesive  plaster  in  that  it  does  not  come  off  by  contact  with  water.  A 
cutaneous  wound,  after  it  has  been  sutured,  is  frequently  painted  over  with 
iodoform  collodion  (Kiister,  Zweifel,  Hans  Schmidt),  and  heals  like  any 
wound  sutured  aseptically,  over  which  there  forms  a  dry  aseptic  scab.  Col- 
lodium  elasticuni  (collodion  60,  castor  oil  2.5,  turpentine  7.5)  is  particularly 
suited  for  chapped  hands,  frost-bites,  etc. 

Substitutes  for  Collodion. — Pastes  of  different  kinds  may  be  used  as  sub- 
stitutes for  collodion.    Dermatol,  bismuth,  airol.  and  other  powders  can  be 
mixed  with  an  equal  amount  of  mucilago  quinina  arabicum  and  glycerine, 
to  form  a  good,  rapidly  drying  paste  which  is  used,  for  example,  for  sutured 
aseptic  wounds.     An  excellent  covering  for  a  wound  may  be  simply  and 
quickly  ifiade  by  mixing  an  antiseptic  powder  with  bichloride  solution. 
Schleich  uses  blood  serum  in  the  form  of  a  paste  for  treating  wounds  and 
skin  diseases.    The  preparations  are  pasta  serosa,  pulyis  serosa  (with  iodo- 
form and  nuclein),  pasta  serosa  cum  hydrarg^yri,  etc.    Zinc  glue  (zinc  oxide 
and  gelatine,  aa  20.0,  with  glycerine  and  aq.  destill.  fia  80.0)  acts  in  the  same 
w^ay  as  the  pastes. 

Photoxylin.— Wahl  has  recommended  photoxylin  in  place  of  collodion. 
It  is  a  substance  used  in  photography,  and  he  employs  it  in  a  five-per-cent 
solution  in  equal  parts  of  alcohol  and  ether. 

Traomaticin.— Traumaticin,  or  a  solution  of  gutta-percha  in  chloroform, 
is  widely  employed  as  an  adhesive  dressing  in  place  of  collodion. 

Oommi  Laccae.— Gummi  lacea*  (Mellez)  is  also  much  employed  as  a  sub- 
stitute for  collodion  and  English  adhesive  plaster.  A  solution  of  the  con- 
sistence of  jelly  made  by  adding  alcohol  is  warmed  and  spread  on  cloth,  thus 
forming  a  cheap  and  serviceable  adhesive  plaster  which  is  not  attacked  bv 
water  or  fat,  etc.  Susteck  recommends  "cutin  "  as  a  covering  for  wounds. 
It  is  absorbable  and  can  be  sterilised.  It  is  made  from  the  intestine  of  the 
ox  and  is  vorv  delicate. 

Ointmenta — Oiiitmentfi  as  dressings  for  granulating  wounds  do  not 
enjoy  the  popularity  which  they  once  did,  and  I  rarely  use  them.  For 
granulating  wounds  I  like  wet  dressings  of  one-per-cent.  acetate  of 
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Lminium,  or  antiseptic  powders  such  as  bismuth,  zinc  oxide,  iodo- 
rm,  and  dermatol  with*  or  without  an  ointment.  There  are  many 
titments,  of  which  the  principal  ones  are  boric-acid  ointment,  boro- 
iycerin  lanolin  (Graf),  vaseline,  salicylic  vaseline,  carbolised  vaseline, 
lycerine  ointment,  either  pure  or  mixed  with  various  antiseptics,  zinc 
intment,  lead  ointment,  naphthalene  ointment,  and  finally  casein  oint- 
Dent,  containing  casein,  alkalies,  glycerine,  vaseline,  water,  and  an 
mtiseptic  adjuvant  (one  half  per  cent,  zinc  oxide  and  one  half  per 
cent  carbolic  acid).  If  applied  with  water  the  latter  ointment  dries 
quickly  and  forms  a  very  smooth,  thin  covering.  An  excellent  base 
for  making  ointments  is  lanolin,  recommended  by  Liebreich,  in  which 
bacteria  cannot  grow.  Glycerine  fats,  on  the  other  hand,  become  easily 
nncid  under  the  influence  of  light,  and  then  become  a  good  medium 
for  the  growth  of  micro-organisms  (Frankel,  Gottstein)^ 

Kirsten  recommends  mollin  as  an  adjuvant  to  gray  mercurial  and 
iodine  ointments. 


CHAPTER  III. 

GENERAL   RULES    FOR   THE   APPLICATION   OF   BANDAGES   AND   RETENTION 

APPLIANCES. 

The  different  kinds  of  bandages. — The  application  of  the  ordinary  roller  bandage.— 
The  *'  reverse." — The  removal  of  bandages. — The  rolling  of  bandages. — The  appli- 
cation of  bandages  to  particular  parts  of  the  body  (head,  neck,  trunk,  upper  and 
lower  extremities). — The  application  of  handkerchief  bandages  to  different  ^ 
tions  of  the  body. 

§  50.  Application  of  Bandages. — The  ordinary  bandages  are  made  of 
linen,  flannel,  muslin,  webbing,  or  gauze,  etc.  For  bandaging  wonndB, 
as  we  have  said  before,  we  preferably  employ  sterilised  mull  or  starched 
gauze.  The  latter  are  first  soaked  in  a  1  to  1,000  solution  of  bichloride 
or  a  three-per-cent.  carbolic  solution,  squeezed  dry,  and  then  applied 
in  a  damp  condition  to  the  selected  portion  of  the  body,  thus  making 
a  well-fitting  and  strong  permanent  dressing,  as  illustrated  in  Figa. 
143  and  144,  on  page  175. 

The  rubber  bandage  (made  from  ordinary  caoutchouc)  or  the  band- 
age of  elastic  webbing  is  used  when  it  is  desired  to  apply  a  dressing  to 

exert  pressure.  Elastic  bandages  are  adapted 
for  application  about  the  thorax,  the  abdo- 
men, etc.,  where  other  bandages  become  easily 
displaced  and  loosened.  There  are  both  sin- 
gle and   double   roller  bandages,  the  latter 

^'''  ^"'urSuge.^' '''"''         l>eing  ilhistrated   in   Fig.   149.     Triple  and 

quadruple   rollers   were  formerly   much  in 
vogue,  and  can  be  easily  made  by  fastening  together  a  couple  of  ordi- 
nary bandages.     The  many-tailed  bandage,  as  it  is  called,  consists  oP 
several  strips  of  bandage  overlapping  laterally  and  joined  in  the  centre 
by  a  single  cross  strip. 

Application  of  the  Roller  Bandage.— The  ordinary  roller  bandage  is 
applied  by  holding  the  end  of  tlie  bandage  upon  the  desired  spot  with 
the  index  finger  or  thumb  of  the  left  hand,  while  the  roller  is  directed 
upward  (Fig.  15n).  Tlie  first  turn  of  the  bandage  is  secured  by  a 
second,  making  two  thicknesses  of  the  bandage  at  one  place ;  then 
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ihe  bandage  is  unrolled  spirally  upwards  about  the  part,  making  uaeli 
upper  turn  overlap  about  balf  of  the  width  of  the  one  next  helow.  I 
u^Qalir  apply  the  bandage  from  left  to  right.  If  it  is  desired  to  rap- 
idly secure  a  dressing  in  place,  each  spiral  turn  may  lie 
Be])araCed  by  a  considerable  dis- 
tance from  the  next  lower  turn 
(Fig.  151),  and  subsequently  the 
bandage  may  be  completed  in 
the  regular  way.  If  one  at- 
tempts to  apply  a  linen  or  gauze 
bandage,  for  example,  to  the 
up^jer  or  lower  extremity,  with 
circular  or  spiml  turns,  it  will 
eoon  be  noticed  that  tiie  lower 
edge  of  each  turn  does  not  tit 
7m.  i5(i-.\i.niioiitioij  ..f  iiiB     tightly   to   the   extremity,  and     Fiq.  im.— spirsl 

oBlltKty  luller  liaiiJiuti:.  ^,     ,-..,..,  _._t       1      i        ■  bunduge. 

that  its  "  set,  particularly  in 
Ihe  case  of  the  forearm  and  leg,  is  uneven.  For  preventing  this  looee- 
MMof  tlie  lower  margin  of  each  turn,  and  to  make  the  whole  bandage 
fit  evenly  and  firmly,  it  is  customary  to  make  wliat  is  called  a  "  re- 
wise,"  which  is  best  done  as  follows  (Fig.  152) ;  1.  The  roller  ie 
giuped  by  the  right  hand  in  such  a  way  that  one  looks  into  the  palm 
(rftlie  hand,  the  dorsal  surface  is  directed  downwards,  and  the  bandage 
■  <inwn  tight  and  smooth  obliquely  upwards,  while  its  lower  edge  is  held 
firm  by  ttie  left  thumb  (Fig.  152,  a).  2.  The  traction  on  the  obliquely 
directed  portion  of  ihe  Iwudage  beyond  the  left  thumb  is  then  relaxed 
(¥ig.  152,  h).     3.  The  upper  edge  of  the  bandage  is  then  folded  over 
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downwards  (Fig.  l.'iS.  c).  Tlie  points  of  reverse  should,  as  far  as  pos- 
rible,  be  made  at  the  same  part  of  the  circumference  of  the  extremity, 
and  tie  one  above  the  other.  This  method  should  Ire  employed  not 
only  in  bandaging  an  extremity,  bnt  any  other  portion  of  the  lx>dy.  so 
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as  to  make  the  turne  of  tlie  bandage  St  into  the  ineqnalities  of  the 
particular  locality.  The  bandage  is  neually  completed  by  one  or  two 
circular  turns.  While  making  the  reverses  care  should  be  taken  that 
ridges  and  folds  are  not  allowed  to  form.  Considerable  practice  ii 
necessary  in  order  to  be  able  to  put  one  on  quickly  and  accnrately. 
The  end  of  the  bandage  should  be  fastened  in  place  with  a  safety-pin, , 
or  it  may  be  slit  np  at  the  end  with  scissors,  or  simply  torn  leogtfa- 
wise  in  the  middle,  if  it  is  a  muslin  or  gauze  bandage,  and  the  sgSt 
ends  carried  around  the  extremity  in  opposite  directions  and  knotted 
together. 

A  bandage  is  taken  off  by  nnwinding  the  turns  in  the  reverse  diree- 
tion  to  which  they  were  put  on — i.  e.,  the  turn  last  applied  is  the  fink 
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to  be  taken  ofE.  At  the  same  time  the  bandage  is  rolled  up,  and  datinj^ 
the  unwinding  is  quickly  passed  from  one  hand  into  the  other.  Ths 
removal  of  a  miill  or  gauze  bandage  is  generally  accomplished  by  sim- 
ply slitting  it  np  with  bandage  scissors. 

In  Fig.  153  is  illustrated  the  method  of  rolling  a  bandage.  Mifl 
and  gauze  bandage  rolls  are  best  and  most  rapidly  made  by  meant  d 
a  small  rolling  machine. 

Application  of  a  Bandaffe  to  the  Head.— The  method  of  appljii^ 
bandages  to  the  head  is  illustrated  in  Figs.  154-157. 

Fig.  15+  represents  the  fascia  nodosa  or  knotted  bandage.  The 
middle  of  a  strip  of  bandage  is  laid,  for  example,  on  the  left  tempK 
and  one  enil  of  the  strip  is  carried  over  the  crown,  the  other  under  the 
ehin  to  the  right  temple,  and  at  this  point  the  two  ends  are  crossed, 
the  one  which  came  from  under  the  chin  passing  around  the  foreheid, 
the  other  around  the  occipital  region,  and  the  two  ends  are  then  knotted 
together.  The  principle  of  this  knotted  bandage  can  be  used  wifli 
some  variations  foi-  almost  any  desired  ]tortion  of  the  body.  Its  chie! 
use  is  for  exerting  pressure  on  some  particular  spot,  which  can  be 
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creased  by  inserting  beneath  the  bandage  a  pad  of  cotton  or  ganze, 
■je.  It  is  also  used  in  the  inguinal  region  (Fig.  183),  as  a  temporary 
ibetitute  for  a  hernia  trass. 

IKitra  Hlppooratlf . — The  niitm  Hippocratis  (Fig.  155)  ie  made  with  a 
loable  roller,  or,  what  is  simpler,  with  an  ordinary  roller  bandage.  When 
ia  double  roller  is  employed  its  centre  is  applied  in  the  middle  of  the 
forehead,  one  roller  being  carried  horizontally  around  tlie  head  towards 
the  riglit,  the  other  towards  the  left,  and  at  the  occiput  the  two  rollers 
ire  crossed  in  the  manner  of  the  fascia  nodosa ;  then  an  asBistant  car- 
ries one  roller  over  the  crown  to  the  forehead,  while  the  operator,  with 
tbe  second  roller,  takes  a  circular  turn  horizontally  around  the  head 
lod  crosses  the  roller,  which  has  been  carried  over  the  crown,  upon  the 
forehead.  This  is  continued,  one  roller  being  carried  from  the  fore- 
head to  the  occiput  and  then  back  again  to  the  forehead,  first  on  the 
right  side  and  then  on  the  left  of  the  original  median  strip  carried 
sigittally  over  the  crown,  each  circular  turn  of  the  other  roller  securing 
ilie  scrips  passing  over  the  crown.  The  entire  skull  is  time  covered 
nth  strips  of  bandage  running  forward  and  back  in  a  sagittal  direction. 
Finally,  the  ends  of  both  rollers  are  carried  circularly  around  the  head 
tad  fastened  in  place  with  a  safety-pin.  The  mitra  Ilippocratis  is  only 
octasionally  applied  with  a  double  roller,  but  it  is  well  to  understand 
the  principle  of  it  in  bandaging  wounds  of  the  head  (see  page  175, 
Fig.  143).  A  moll  or  wet  gauze  bandage  may  be  applied  to  the  head 
partly  with  circnlar  turns  and  partly  with  turns  passing  back  and  forth 
b  a  sagittal  direction  over  the  top  of  the  head. 

Capiitmm  Duplex. — The,  capistrum  duplex  is  not  very  often  used 
HOT,  but  it  was  at  one  time  in  great  repute  for  treating  fractures  of  the 
loirer  jaw,  as  was  also  the  capistrum  simplex.  The  funda  maxillEB 
(%.  17+)  has  the  same  effect  as  the  capistrum  simplex 
•wi  duplex,  and  is,  furthermore,  much  better  and  sim- 
pier.  Some  of  the  turns  made  in  the  capistrum  duplex 
we  Dsed  for  applying  bandages  in  wounds  of  the  head 
•nd  neck,  and  hence  it  should  be  spoken  of  here.  The 
liwcription  of  the  old-fashioned  capistrum  simplex  will 
be  omitted.  The  capistrum  duplex  is  begun  with  the 
md  of  the  roller  on  the  vertex,  then  it  passes  down  in 
front  of  the  left  ear.  under  the  chin,  and  up  in  front  capi«tru 
>t  the  right  ear  to  the  vertex  again ;  then  from  this 
nint  it  passes  aronnd  the  occiput  to  the  right  side  of  the  neck,  under 
lie  chin,  and  up  in  front  of  the  left  ear,  covering  the  first  turn  in  great 
art,  back  to  the  vertex  again  ;  then  around  the  occiput  to  the  left  side 
f  the  neck,  beneath  tlie  chin,  and  up  in  front  of  the  right  ear  to  the 
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vertex.  111  this  way  three  turns  of  the  bandage  are  made  in  front  of 
eaeli  ear,  and  then  it  is  carried  from  the  neck  in  front  of  the  chin  and 
the  lower  part  o£  the  under  lip,  and  is  finally  terminated  by  a  cirailar 
tarn  around  the  forehead  and  occiput.  The  areolar 
turn  around  the  front  of  the  chin  can  he  made  between 
the  second  and  third  turns  taken  in  front  of  the  ear. 
lu  applying  it  over  an  antiseptic  dressing  the  neck 
lOuld  also  be  included  in  the  bandage. 
Honoonlni  and  Binooulua — Fig.  157  repreeeuts  tlw 
method  of  applying  tiie  monoculus,  which  begins  with 
a  circular  turn  about  the  head,  starting  from  the 
M*oi?<M.u'iua.  temporal  region.  The  rest  can  be  understood  from 
Fig.  157.  The  so-called  binoculns,  or  bandage  over 
both  eyes,  is  performed  by  first  covering  one  eye  with  a  circular  turn 
of  the  bandage  and  then  carrying  the  bandage  with  obliquely  descend- 
ing turns  over  the  other  eye. 

Application  of  a  Banclage  to  Neck  and  Thorax. — The  application  of 
bandages  to  the  neck  is  accomplished  by  making  circular  turm,  to 
which,  in  the  case  of  large  wounds,  are  added  cross  turns  under  t\iB 
axilla  and  over  the  shoulder  (see  page  175,  Fig.  144).  Bandages  aw 
applied  to  tiie  thorax  by  circular  turns,  with  or  without  reverses.  To 
keep  the  bandage  from  becoming  displaced,  every  other  turn  can  be 
carried  from  tiie  back  over  the  shoulder  and  secured  with  Eafety-|Niii 
at  the  points  of  meeting  with  the  horizontal  turne ;  or  the  circnlar 
turns  may  be  made  to  ascend  from  below  upwards  on  the  tlionii,  anA 
finished  by  oblique  turns  about  the  shoulder  and  axilla  likeasjnci 
humeri  (Figs.  1(58  and  104).  For  bandaging  a  wound,  after  applying^ 
thick  cushion  of  dressings,  we  employ  starch  bandages,  which,  after 
drying,  fit  closely  and  do  not  become  easily  displaced.  Elastic  band- 
ages are  also  to  be  recommended  for  the  trunk,  as  they  retain  thdr 
position  very  well. 

Bandages  for  the  Breast  S>usjie)i«oi-ium,  MammxE  Simplex  (Fig.  158). 
— The  banda;:ce  for  the  right  breast  is  liegun  by  a  circular  turn  abont 
the  lowermost  portion  of  the  thorax.  The  bandage  is  then  carried 
obliquely  so  as  to  envelop  the  lower  jiart  of  the  gland,  over  the  oppo- 
site shoulder,  then  across  the  axilla,  over  the  shoulder  and  across  the 
back,  again  to  the  right  breast  at  its  upper  part,  and  then  once  more 
over  the  shoulder,  etc.  The  up]>er  and  lower  portion  of  the  gland  i« 
crossed  iilternately,  and  then  its  middle  part,  and  finally  the  Itandaging 
is  completed  by  a  circular  turn  around  the  lowermost  portion  of  the 
thorax  covering  the  preliminary  tunis  (Fig.  I.78),  The  suspensorinm 
mamnite  duplex  and  a  light  supporting  bandage  for  both  breasts  can 
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le  applied  very  Bimply  bj  ufling  the  method  illustrated  in  Fig.  15S  on 
Mth  Bides. 

Aotueptic  Bateiition  DrMnn^  after  Amputation  of  the  Breoit  aod  deau- 
ilf  ont  the  Axilla. — Aft«r  amputation  of  the  breast,  accompanied  by  clean- 
ing the  carcinomatous  lymphatic  glands  out  of  the  axilla,  I  fint  put  ou  a 

^KRing  nf  several  layers  of  sterilised 

pnie  placed  in  direct  contact  with  the 

*imnd,  then  over  this  I  apply  absorb- 


Fig.   ]5»— Aseptic 

dressing    Tor  une  sn«r  an 

sinpuutio  mam 

lie  with  cleaning  out  of  tho 

nteoltoTi,  covering  in  the  shoulders  and  entire  thorax.  These  materials  are 
1*11  bound  on  by  a  sterilised  mull  bandage  encompassing  the  thorax,  neck, 
ami  ihoulders,  the  edges  of  the  dressings,  particularly  in  the  axilla,  neck,  and 
■ttb  iower  border  of  the  breast,  being  very  carefully  filled  in  with  absorbent 
nOcin ;  then  the  arm  on  the  side 
^hifh  haa  been  operated  upon  is 
in  contact  with  the  thorax 
Iso  covered  with  sterilised 
■iMirbeiil  cotton.  After  this  the 
n  Is  immobilised  by  a  steril- 
i  niull  and  finally  a  gauze 
Wdiio^  encircling  the  thorax, 
Kk  ami  shoulder  (Fig.  169). 

Applintum  of  Bandagea  to 
it  Upper  Extremity.  —  The 
piethiHs  of  applying  bandages 
D  the  tingers  are  illustrated 

I  Fig.   160,  a,  h,  C.      Thej  are       Fio,  IBO.— Applicatioo  of  bandages  to  tlie  flngcre. 

Bgnn    with   a  circular    turn 

nd  the  wrist,  and  then  carried  across  the  doraum  of  the  hand  to 
IT  particolar  finger,  and,  after  encircling  it,  brought  back  again  to 

Fbock  of  the  wrist  (Fig.  160,  a).     A  finger  can  be  bandaged,  ae 
14 
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illnBtrated  for  the  little  finger  in  Fig.  160,  c,  hy  making  oblique  spinl 
turQB  down  to  its  tip,  and  then  covering  in  the  finger  by  oblique  a 
circular  turns  from  tip  to  baae.  The  finger  baudagi 
can  also  be  carried  in  the  reverse 
direction,  beginning  on  the  fin- 
ger and  terminating  at  the  wrist. 
Moreover,  tlie  thumb  maj  be  band- 
aged in  the  waj  pictured  in  Fig. 
160,  b  ;  beginning  with  a  circular 
tarn  around  the  wrist,  the  bandage 
ia  carried  to  the  tip  of  the  thumb, 
and  around  thiB,  over  the  back  of 
the  hand,  and  so  on,  with  oblique 
turns  till  the  base  of  the  thumb  is 
reached.  If  it  is  desired  to  band- 
age the  tip  of  the  finger,  the  roller 
is  carried  along  the  back  or  palmar  surface  of  the  finger  over  ib  ti| 
and  back  on  the  other  side  opposite  the  starting-point,  where  it  ii 
retained  while  a  circular  turn  is  made  around  the  base 
of  the  finger,  over  the  ends  of  the  loop,  securing  it  in 
its  position.  A  bandage  is  applied  to  the  whole  hand 
according  to  the  rules  for  the  spica  manus  (Fig.  161). 
The  bandage  is  started  at  the  wrist  hj  a  circular  turn, 
and  then  oblique  or  figuic-of -eight  turns  are  taken  by 
the  roller,  gradually  proceeding  downwards  till  the 


finger  ends  arc  reached.     It  is  concluded  with  a  circular  turn  aboo 
the  wrist. 

Another  way  of  bandagiTig  the  hand  is  represented  in  Fig.  168, 
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lod  b.  It  is  beguD  with  a  circular  turn  around  the  wrist  (Fig.  162,  a) 
or  sround  the  ends  uf  the  fiogers,  and  proceeds  up  ur  dowu  with  figure- 
of-eight  or  oblique  turns,  half  of  the  width  of  each  upper  turn  overlap- 
{RUg  a  corresponding  ainonnt  of  the  next  lower  turn,  and  finally  tenui- 
mting  with  a  circular  turn  arouud  the  finger  tips  or  the  wrist.  If  it  is 
desired  to  include  the  finger  tips,  ae,  for  instance,  in  an  antiseptic  pro- 
teetive  dreeeiug,  the  end  of  the  bandage  is  secured  while  the  roller  is 
nrned  over  and  around  the  ends  of  the  fingers  and  back  on  the  oppo- 
Hte  side  in  the  form  of  a  loop,  and  the  extremities  of  the  loop  are  then 
fiitened  in  place  by  a  circular  turn. 

Applioatlon  of  a  Banda^  to  the  Shoulder. — The  shoulder  is  bandaged 
tynring  the  spica  humeri  ascendeue  (Fig.  163)  or  descendena  (Fig. 
Ifi4).  The  spica  humeri  ascendens  (Fig.  163)  begins  with  a  circular 
turn  around  the  upper  end  of  the  arm,  the  bandage  being  then  carried 
over  the  lower  end  of  the  shoulder  from  within  outwards,  then  over 
the  back  to  the  opposite  axilla  and  back  again  across  the  breast  over  the 
(boalder  through  the  axilla,  and  finally  terminated  by  a  circular  turn 
troimd  the  thorax.  The  spica  humeri  descendens  {Fig.  164)  is  applied 
in  the  reverse  direction — i.  e.,  it  is  begun  with  a  couple  of  circular 
tons  about  the  thorax,  and  finished  with  descending  oblique  or  cross 
tarns  over  the  shoulder,  terminating  on  the  arm  lower  down,  or  with 
I  areolar  turn  about  the  thorax  again.  Fig.  165  represents  tiie  method 
rf  applying  a  bandage  to  envelop  the  whole  arm.  The  turns  of  the 
^iea  humeri  around  the  thorax  are  omitted  in  the  illustration  in  order 
to  eeonomiee  space,  but  the  rest  of  the  figure  illustrates  the  bandage 
tat  the  entire  upper  extremity. 

Application  of  Bandages  to  the  Lower  Ex&emity. — The  Iwndage  for 
lie  lower  extremity  is  begun  by  enclosing  the  foot  (Fig.  166,  a  and  b) 
bf*  circular  turn  made  back  of 
At  toes,  as  illustrated  in  Fig. 
IM,  a ;  then  two  or  three  slight- 
ly oblique  turns  are  taken,  with 
wwithout  the  reverse  (Fig.  1.52), 
nd  at  about  the  fourth  turn  of 
the  bandage  the  latter  is  carried 
obliquely  over  the  anterior  as- 
pect of  the  ankle-joint  toward 
Jie  internal  malleolus,  and  from  Fio.  i«6.— Arpiimtion  of  bumia^s  to  the  foot. 
lere  over  the  heel  and  around 

he  outer  malleolus  again  to  the  inner  side  of  the  f.jot ;  thence  aci'oss 
lie  sole,  making  two  or  three  stirrup  tunifi,  and  then  ascending  the  leg 
ith  circular  turns,  followed  by  oblique  tnms  and  the  reverse  (Fig. 
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152).  If  the  heel  is  to  be  included  (Fig.  166,  b),  the  bandage  is  bc^ 
aa  in  Fig.  166,  a ;  but  after  taking  two  or  three  turus,  it  is  carried  acnw 
the  dorsum  of  the  foot  to  the  heel,  around  the  latter,  over  the  doiBua 
to  tlie  inner  side  of  the  foot,  thence  across  the  sole  to  the  outer  side  of 
the  foot,  again  over  the  dorsum  to  the  heel,  each  preceding  turn  being 
covered  by  half  the  width  of  the  following  turn,  and  so  on  till  above 
the  ankle,  when  two  circular  turns  are  made,  and  then  these  are  buc- 
ceeded  by  oblique  turns  with  reverses  ascending  the  leg. 

For  applying  a  bandage  to  the  region  of  the  knee-joint  the  testndo 
inversa  (Fig.  167,  a  and  6)  or  reversa  (Fig.  168,  a  and  b)  is  used.  In 
the  testudo  inversa  (Fig.  167),  after  several  circular  turns  are  nude 
around  the  leg,  an  oblique  turn  is  carried  across  the  popliteal  space 
toward  the  thigh,  passing  around  the  latter  back  across  the  popliteal 
space  to  the  leg  and  so  on  gradually  covering  in  first  the  lower,  then 


the  upper  part  of  the  anterior  aspect  of  the  knee,  the  last  turn  cnjeang 
the  centre  of  the  anterior  aspect  of  the  knee  transversely  (Fig.  167,  i)- 
The  testudo  reversa  is  begun  with  a  circular  turn  aronnd  the  middle 
of  the  knee,  and  the  remaining  turns  are  made  obliquely,  first  above 
and  then  below  the  original  circular  turn. 

The  testndo  bandage  is  also  employed  for  the  elbow. 

When  it  is  desirecl  to  include  the  entire  lower  extremity  in  a  band- 
age, the  region  of  the  knee  may  be  covered  simply  by  circular  tnmB 
(Fig.  171).  The  hip,  in  tlie  same  way  as  the  shoulder,  may  be  band- 
aged by  a  spica  coxm  ascendens  (Fig.  169)  or  descendens  (Fig.  170). 
The  spica  coxse  ascendens  is  begun  with  a  circular  turn  aronnd  the 
upper  part  of  the  thigh,  and  then,  in  the  case  of  the  left  hip,  the  band- 
age is  carried  across  the  gluteal  «nd  sacral  region  towards  the  oppoffite 
anterior  superior  spine  of  the  ilium,  thence  over  the  lower  part  of  the 
aMomen  and  inguinal  reginn  back  to  the  thigh.     For  the  right  thif^ 
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the  iiuiilage  is  carried  over  the  groin  ami  abdomeu  to  tbe  anterior 
mperior  epine,  thence  &croHs  tie  sacnil  and  gluteal  regions  back  to  tlie 
thigL    Each  suceeeding  turn  ascends  a  little  higher 
<o  the  thigh,  and  the  bandage  is  finally  completed  hy 
idrealar  turn  around  the  abdomen.     The  spica  c 


defieeDdeoG  (Fig.  170)  is  begun  where  the  ascendens  terminatcB,  by  cir- 
flikr  turns  around  the  abdomen,  and  ie  made  to  descend  by  oblique 
turns  in  a  manner  the  reverse  of  the  epica  aecendens,  and  finally  to  come 
diwn  the  thigh  by  circular  and  oblique  turns  made  with  reverses  The 
■uthod  of  bandaging  the  entire  lower  extremity  will  be  understood 
from  the  previous  remarks  (Fig.  171). 


I  .51.  ApplioationofHandkeTchitfBaiidagea.— Properly  shaped  pieceB 
'cloth  as  substitutes  for  bandages  arc  not  puitable  for  dressing  wounds 
itifieptically,  but  under  other  circumstances — viz.,  for  applying  a  light 
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protective  dreseing,  or  for  the  after-treatment  of  a  wound,  or  in  an 
emei^eney — they  do  very  well,  and  possess  the  advantage  that  the  nui' 
terial  for  making  tliem  can  always  be  obtained  in  every  houselioJd 
These  bandage  Bubetitutes  are  made  of  triangular  or  quadrilateral -shaped 
pieces  of  cloth.  One  of  the  most  useful  of  these  bandage  substitutes  ii 
the  Bling  bandage.  The  base  or  longest  of  the  three  sides  of  a  trian- 
gular piece  of  ciotii  is  cut  in  the  manner  indicated  by  the  dotted  lines  in 
Fig.  172,  thus  making  a  five-tailed  piece  of  cloth,  which  is  excellent  h 
a  bandage  for  the  inferior  maxilla  (Fig.  174).  Another  very  good 
bandage  substitute  may  be  made  by  splitting  the  smaller  sides  of  a  long 
rectangular  piece  of  cloth  and  applying  it  as  a  bandage  for  the  bead  in 
the  manner  indicated  in  Fig.  173,  a  and  h. 

These  pieces  of  cloth  used  as  bandage  substitutes  may  either  t» 
folded  up  in  the  shape  of  a  cravat  and  made  to  encircle  any  part  tf 
the  body,  or  they  may  be  used  as  simple  unfolded  pieces  of  c](dh> 
The  folded  strips  are  applied  like  any  ordinary  roller  bandage.  For 
the  sake  of  brevity  I  shall  confine  myself  to  the  following  short  d*- 
scription  of  the  different  methods  of  using  these  substitutes  for  ndlv 
bandages. 

As  regards  the  bead,  a  triangular  piece  of  cloth  folded  into  th* 
shape  of  a  cravat  is  an  excellent  substitute  for  the  monoculus  in  basd- 
aging  the  eye,  and  for  making  a  horizontal  bandage  on  the  forebeid 
like  the  fascia  nodosa  (Fig.  154).  A  very  useful  bandage  aa  a  twn- 
porary  dressing  for  a  fracture  of  the 
upper  or  lower  jaw  is  the  f  nnda  raax- 
iliffi  (Fig.  174),  which  is  made  from 
the  five-tailed  sling  bandage  repre- 
sented in  Fig.  172.  The  three-cor- 
nered piece  is  folded  up  like  a  cravat, 
the  middle  of  which  is  placed  under 
tbe  chin  of  the  patient,  and  the  two 
ends  are  knotted  together  upon  tbe 
"""  'psrvwuf  top  of  the  head.    The  point  of  meet- 

ing of  the  other  two  tails  is  held  in 
front  of  the  chin,  and  the  ends  of  these  tails  carried  around  the  bade 
of  the  neck,  where  they  are  crossed  and  brought  forward  and  knottflA 
together  on  the  forehead.     Mention  slioulti  also  be  made  of  the  capi- 
ttum  parvum,  magnum,  and  quadrangulare. 

Tim  Small  Ilead-dresH  \Cup\ihim  parvutn.  Fig.  175). — An  orfr 
nary  triangular  piece  of  cloth  is  laid  over  the  head,  with  the  centre  of 
its  longest  side  at  the  root  of  tbe  nose,  and  its  apex  or  angle  oppositB 
the  longest  side  hanging  down  the  neck.     The  lateral  tails  of  the  tn- 


il.J 
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igle  are  carried  around  the  neck  back  to  the  forehead,  where  they  are 
ed  together.  The  tail  hanging  down  the  neck  ia  tnmed  back  over 
he  top  of  the  bead 
od  eecored  with  a 
■fetj-pin. 

Tlie  Large  Head- 
ifta  {CapUimn 
Mgnum,  Fig.  176). 
—  The  triangular 
ilmg  bandage  is  cat 
b  the  manner  rep-  * 
leeented  in  Fig.  172 
ad  laid  on  the  scalp, 
tilh  the  centre  of 
its  longest  side  at  the 
loot  of  the  nose.  The  two  anterior  tails  hanging  down  on  each  Bide 
of  the  face  are  passed  arotmd  the  neck,  as  in  the  capitium  parrum, 
nd  brought  forward  and  knotted  together  on  the  forehead.  The 
other  two  tails  are  tied  under  the  chin,  and  the  apex  of  tlie  triangular 
fiece  of  cloth  is  finally  brought  forward,  as  in  the  capitium  parvum, 
Eron  beneath  the  tails,  crossed  behind  the  neck,  and  secured  in  front 
Ifj  a  safety-pin. 

The  Four-tailed  H«ad<lress  {Capitium  quadranffulare,  Fig.  177,  a). 
-A  qoadriJateral  piece  of  cloth  is  so  folded  over  the  top  of  the  head 
thit  ita  under  border  oyerlape  the 
qiper  by  about  a  handbreadth  (Fig. 


Fie.  17T.— Capitium  quadnugulan 


rt,  a).  The  two  upper — or,  rather,  posterior — angles  are  knotted  to- 
.■tber  under  the  chin,  while  the  other  two  corners  are  drawn  some- 
bst  forward  and  upwards.  Then  the  projecting  lower  edge  of  the 
ider  portion  of  the  cloth  is  turned  up  and  back,  and  the  two  anterior 
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comers  are  carried  around  behind  the  neck  and  tied,  thus  formic 
bandage  represented  in  Fig.  177,  b. 

An  ordinary  three-cornered  piece  of  cloth  can  be  applied  t 
thorax  in  the  manner  illustrated  in  Fig.  ITS.  Tlie  longent  side  o 
triangle  is  placed  around  tlie  lower  portion  of  tlie  thorax,  while 
apex  or  opposite  angle  of  the  triangle  is  carried  over  either  the  i 
or  left  shoulder  and  tied  to  tlic  other  two  tails  or  angles  of  the  tria 
behind. 

In  suitable  cases  a  band^;e  may  he  applied  as  in  Fig.  179 — i. 
folded  piece  of  cloth  ie  placed  around  the  thorax  and  prevented  : 
becoming  displaced  bj  a  couple  of  retention  straps  carried  ovei 
shoulders  and  having  their  junctions  with  the  breast-piece  seenre 
safety-pins.  The  female  breast  can  be  supported  by  an  ordinar 
angular  piece  of  cloth,  or  one  made  double,  as  shown  in  Fig.  172. 


sling  is  applied  with  the  centre  of  the  base  of  the  triangle  l>eneat 
breartt  which  it  is  desired  to  support.  Then  the  lower  tails  or  eo 
at  eai-h  side  of  this  point  arc  carried  around  tlie  thorax,  while  the  • 
three  tails  are  conducted  across  the  axilla  and  over  both  shouldt 
the  back,  where  they  are  tied  together. 

The  triimgular  piece  of  clotli  is  very  frequently  used  for  an 
the  so-called  niitclla,  or  sling  (Fig.  181).  The  following  is  the  m( 
of  applying  the  rnitella :  The  thi-ee-coniered  piece  of  cloth  js  gn 
at  each  extrt'iinty  of  one  of  the  shorter  eidcs  and  placed  hetweei 
thorax  and  the  iirm  bent  at  right  angles,  with  one  angle  of  the  trii 
lar  doth  proje<rfing  around  back  of  the  cIIkiw.  The  upper  end  ( 
longest  side  is  then  (carried  over  the  opposite  shoulder  and  tied  t 
other  end  of  the  longest  siile  behind  the  neck.  The  third  com 
angle  of  the  triangular  clotli  is  carried  around  the  back  of  the  t 
to  the  fnmt  an<l  secured  in  this  place  by  a  safetv-pin  (Fig.  181,  a) 
stead  of  bringing  this  third  angle  around  in  front  of  the  elbow, 
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\a  ^nied  in,  and  tliea  the  two  edgee  of  tbe  sling  can  be  pinned  behind 
tbe  am,  a^  represented  in  Fig.  181,  i.     Moreover,  it  ie  a  very  good 


plan  not  to  tie  the  ends  of  the  sling  around  the  neck,  as  the  knot  causes 
diteomfort,  but  to  bring  the  extremities  to  the  front  again,  and  either 
nw  or  pin  them  in  that  position. 

A  four-tailed  or  four-cornered  piece  of  cloth  can  be  used  for  a  sling, 
be  the  mitella,  but  the  manner  of  its  application  is  more  complicated, 
riSlont  being  any  better. 

Stripe  of  bandage  can  be  used  instead  of  the  mitella.  They  are 
tutened  to  the  coat  or  tied  at  the  back  of  the  neck.  Slings  can  also 
be  made  of  stout  black  ribbon,  which  encircle  the  arm  and  pass  around 
the  neck.  The  arm  may  also  be  supported  by  insert- 
ing tlie  hand  in  the  waistcoat  or  partially  buttoned  coat. 


7i«.  185.— H»nd- 
igt  tnt  Ibe  huid. 


In  Figs.  182  to  186  are  represented  the  methods  for  applying 
'ieces  of  folded  cloth  around  the  axilla  or  the  shoulder,  about  the  in- 
ainal  region,  the  hand,  and  foot,  and  they  need  no  further  explana- 
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tion.  In  Fig.  183  the  principle  of  the  fascia  nodosa  (Fig.  154)  is  used 
— i.  e.,  the  ends  of  the  bandage  are  twisted  about  each  other  for  exert- 
ing pressure  upon  some  particular  spot.  Sj  means  of  a  pad  of  cotton, 
lead,  rubber,  or  other  material,  the  pressure  can  be  increased. 

In  Figs.  185  and  186  are  represented  the  methods  of  applying  a 
bandage  substitute  to  the  hand  and  foot.  The  hand  is  wrapped  in  a 
three- cornered  piece  of  cloth  in  the  following  manner  (Fig.  187) :  The 
centre  of  the  base  of  the  triangle  is  placed  at  the  wrist,  while  the  angle 
opposite  the  base  projects  a  little  beyond  the  tips  of  the  fingers.  This 
projecting  angle  is  then  turned  back  over  the  fingers  and  dorsum  of 
the  hand  to  the  wrist,  the  lateral  angles  are  given  a  turn  around  the 
wrist  and  made  to  cross  each  other  on  the  dorsum  of  the  hand,  then 
brought  back  to  the  wrieit  and  tied.  The  same  method  is  carried  out  on 
the  foot,  but  instead  of  knotting  the  ends  around  the  leg,  they  can  be 
carried  back  from  the  leg  and  crossed  over  the  dorsum  of  the  foot,  and 
finally  tied  after  making  a  circular  turn  around  the  foot  (Fig.  188). 


CHAPTER  IV. 


THE  HICK-BED   OK   THE    PATIENT. — IMMOBILISATION    AFPI-IA: 
DRE8B1NQS. 


n«  sick-bed  of  the  pationl. — The  bed. — Adjustable  beds. — Bed  Rttings:  Air^usbioDs; 
walfr-caahions. — Supports Wire  cradles. — Appliances  far  lifting  patient*. — Ap- 
pliances for  the  sick-bed;  Cushions;  straw  splints. — Single  and  double  inclined 
plane. — Petit'a  leg-  splint. — Suapensiuii. — Wire  gutters  and  baskets. — Splinta. — 
Materials  lor  making  splints  (wood  splints,  paste  splinta,  metal  splints,  glass 
Bplinls.  pl&ster  splints,  eiteneioD  spliots,  articulated  spi in ts).— Complicated  appli- 
ances for  the  sick-bed. 


§  52,  The  Sick-bed  of  the  Patient — The  greatest  care  nuist  be  exer- 
ciced  as  regards  the  sick-bed  of  the  surgical  patient.  Tlie  bed  should 
be  60  arranged  that  the  injured  portion  is  easily  acccesible  to  tlie 
j^ysiciau.  In  general,  it  is  best  to  place  the  head  of  the  bed  towards 
the  window,  to  prevent  the  patient  from  being  blinded  by  the  light. 
It  should  be  as  elastic  as  possible,  and  a  spring  or  horse-hair  mattress 
is  far  preferable  to  a  feather  bed.  If  the  patient  nmst  be  confined  to 
bed  for  a  long  time,  it  is  a  very  good  plan  to  have  a  bedstead  with 
pontrivances  for  changing  its  shape,  so  that  lie  can  readily  be  brouglit 
from  the  horizontal  into  a  sitting  position.  A  bedstead  which  tlie 
pfltient  can  adjust  to  suit  himself  witli  very  little  effort  is  particularly 
good.  For  raising  and  moving  a  bed  without  disturbing  the  patient 
special  apparatus  have  been  devised  by  Allzeit  and  others.  A  water- 
tight rubber  protective  should  I>e  placed  over  the  mattress  to  prevent 
it  from  getting  wet,  "Christia,"  a  comparatively  u-heap,  durable,  and 
stcrilisable  preparation,  has  l>een  recommended  by  Evens  and  Pistor, 
(if  Caasel,  as  a  substitute  for  the  ordinary  water-tight  substances  hitli- 
erto  used  (rubber,  oiled  silk,  gutta-percha,  muslin,  etc.).  The  greatest 
care  must  l»e  used  to  keep  the  l>ed-Unen  perfectly  clean,  so  that  the 
dressings  shall  remain  antiseptic.  If  the  patient  must  lie  for  a  long 
time  upon  hia  back,  the  sacral  region  particularly  should  be  protected 
from  all  injurious  pressure  by  means  of  elastic  cuahions.  For  this  pur- 
pose we  use  ring-shaped  air-cushions,  or,  what  is  still  lietter,  la;;ge 
water-cushions  tilled  with  warm  water. 


i 
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I  cradk  Tor  Che  limbs. 


A  swinging  crane  may  be  placed  over  the  head  of  the  bed 
sling  attached  to  the  foot  of  the  bed,  so  as  to  enable  the  patient  tc 
himself.  By  means  of  hoops  joined  together,  or  cradles  (Fig. 
the  bed-clothes  can  be  elevated 
the  diseased  portion  of  the  body 
which  their  pressure  may  be  tu 
fortable,  or  sometimes  even  paini 
For  lifting  the  patient  or  sonu 
tion  of  his  body  with  as  Uttle  dif 
ance  as  posaibte,  we  make  nse, 
necessary,  of  special  appliances  < 
lifts.  In  the  majority  of  inst 
they  are  not  needed  for  chan^ng  the  dressings  or  bed-clothes,  < 
enabling  the  patient  to  empty  his  bowels,  and  a  nnrse  can  rend 
the  assistance  required ;  but  under  many  conditions — for  example, 
the  dressings  on  a  compound  fracture  have  to  be  renewed,  and  thi 
mupt  be  held  lifted  up  from  the  bedding  for  some  time  while 
being  done — we  employ  windlasses,  pulleys,  I>elts,  fenestrated  seal 
etc.  The  portable  fenestrated  bed-lift,  which  permits  of  extensio 
of  defecation  in  the  recnnibent  position,  invented  by  Ilamiltor 
Volkiiiann  (Fig.  190),  and  Kase's  apparatus  (Illustr.  Monatschi 
arzt.  Polytech.,  Ileft  6,  1883),  are  very  useful  contrivances, 
mann's  bed-lift  is  placed  on  the  bed  over  the  mattress  and  can  be: 
by  two  attendants, 
while  the  supports  at 
each  extremity  can 
be  automatically  ad- 
justed so  that  the 
appui-atus  can  be  re- 
tained at  any  desired 
elevation.  For  ele- 
vating any  single  por- 
tion of  the  t>ody,  such 
as  an  extremity,  the 
ordinary  suspension 
apjwratus  will  \>e 
found  Biiffi<'ient  (Fig. 

104).  For  enabling  the  patient  to  raise  the  upper  portion  of  liis 
cranes  can  be  devised  with  two  ropes  and  rings  for  him  to  gn 
straps  can  be  attached  to  the  ceiling  or  to  the  foot  of  the  bed, 
pelvis  of  tlie  patient  may  be  lifted  by  a  trewtle  on  which  is  stret 
broad  leather  belt  provided  with  a  fenestrum  for  permitting  e 
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f  tbe  bowels.  But  if  it  ia  impracticable  to  disturb  the  position 
3  patient  at  all,  an  opeuiDg  can  be  provided  in  the  mattress  and 
n  of  the  bed  for  enabling  him  to  empty  hie  bowels,  or  an  arrange- 
can  be  made  by  which  the  mattress  may  be  drawn  from  under 
The  adjustable  bed  of  Hamilton  and  Yolkmann  is  exceedingly 
idapted  for  this  purpose, 

53,  Sink-bed  ApplianoH — Bplinta,  Ciiihioni^  etc. — There  are  numer- 
ipparatas  and  contrivances  for  obtaining  the  necessary  and  secure 
iou  of  a  patient  who  is  conlined  to  bed,  or  of  the  particular  part 
e  patient  which  has  been  operated  upon. 

.  Cruhion^ — The  most  useful  cushions  for  retaining  a  diseased  part 
y  required  secure  position  are  made  of  chaff,  chopped  straw,  saw- 
or  sand.  Tiie  cushions  should  be  only  partially  iilled,  so  that  the 
iDte  may  be  shifted  and  the  cushion  given  any  desired  shape  for 
g  the  injured  extremity  and  holding 
:;arely.  Sand-t>ags  or  cushions  are 
lent  on  account  of  their  weight,  and 
ing,  sausage-shaped  bags  are  the  best, 
ley  can  be  placed  along  tbe  whole 
i  of  each  side  of  an  extremity,  espe- 
'  the  leg.  Chaff  cushiona  are  also 
good,  aa  their  contents  can  be  collected  at  each  end  of  the  bag, 
b  may  then  be  wrapped  around  an  extremity  and  secured  by  a 
^e,  cloth,  etc.  Tbe  same  effect  was  obtained  by  the  old-fashioned 
:  splint  (Fig.  191),  which  can  be  made  very  simply  by  wrapping 
wo  ends  of  a  good-sized  strip  of  cloth  around  bundles  of  straw  or 
:  nmilar  material ;  tbe  extremity  is  placed  between  two  bundles, 
e  it  can  be  secured  with  a  bandage.  Tightly  stuffed  cushions 
one-hair  or  seaweed,  the  shape  of  which  cannot  be  altered,  are 
and. 

:  Bw  Single  uid  Double  Inclined  Plane. — If  it  is  desirable  to 
■to  the  peripheral  end  of  an  extremity  either  for  inflammatory 
swelling,  simple  conges- 
tion, or  for  some  injury 
or  after  an  operation, 
it  can  be  accomplished 
very  readily  by  placing 
beneath  the  extremity 
f™.  i92.-Doubl«  inclined  pUne,  ^haff  cushions  arranged 

so  as  to  form  a  simple 
led  plane.  The  same  resnlt  can  be  obtained  by  placing  under  the 
D  ordinary  lK>ard  with  its  distal  end  raised,  or  by  using  Petit's 
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box  splint  (Fig.   193),  or  suBpengioo. 
ased  chiefly  for  the  lower  extreinitr. 


box  RpliDt  for  the  leg. 


The  double  inclined 
A  lai^e,  wedge-shaped 
will  answer  the  pnr 
a  couple  of  boardf 
hy  a  hinge  and  i 
with  strings  80  as  t 
tain  any  desired  ang 
march's  double 
plane,  fitted  with  lai 
tention  pegs,  is  exc« 
nseful  (Fig.  192). 

3.  Box  BplinU  wi 
a  good  deal  at  one  ( 
fractures   of   the   1 

other  injuries  below  the  knee.     Petit's  box  spUnt  (Fig.  193)  ii 

good  one.     All  the  other  box  splints  have  been  replaced  by 

splints,  particularly  those  of  plaster  of  Paris. 

4.  BnipeiuioD. — The  old-fashioned  suspension  appliances  f( 

ing  the  extremity  in  proper  position  are  at  present  entirely  8 

ous,  as  we  now  combine  all  the 

variouB  retention  and   extension 

dressings  with  suspension.     We 

shall  return  to  this  subject  later 

in  the  description  of  the  various 

splints. 

Suspension   in   curvature    of 

the  spine,  etc.,  will  be  described 

in   the  text-book    on    Kegioual 

Surgery.      Kauehfuas's    suspen- 
sion appliance  is  represented  in 

Fig.  218. 

The  simplest  way  of  suspend- 
ing  an   extremity    is    to   line    a 

framework  having  two  upright 

rods  of  wood  with  a  horizontal 

croKS-piece.    Fort-hildren,  nimple 

wooden  hoops  are  fastened  to  the 

bed,  and  to  these  the  extremity  is 

secured  by  a  bandiigc  or  strips  of 

aiihcsive  plaster.     I   use  an  ad- 
justable iron   frjune  with   rollers  iFii;.   19-1\     The  cross-bar 

raised  or  lowei'cd  to  any  convenient  height  by  means  of  the  ban 


Fio,  194,— The  author's  sunpenBion  t 


§53.] 


SICK-BED  APPLIANCES— SPLINTS,  CUSHIONS,  ETC. 


207 


i 


The  rope  for  exerting  the  traction  with  the  weight  {G)  runs  over  wlieels 
which  can  be  moved  to  one  side  or  the  other  and  readily  retained  at 
any  point  by  the  notches  in  the  cross-bar.  Iron  frames  which  can  be 
&6tened  to  the  bed  are  very  useful. 

5.  Wire  Splints.  Wire  G-utters^  Stockings^  and  Cases. — Wire  gut- 
ter splints  (Figs.  196,  197)  are  as  simple  as  they  are  comfortable,  and 
hare  supplanted  to  a  large  extent  the  contrivances  just  described. 
Wire  gutters  are  usually  made  of  wide-meshed  wire  gauze,  padded  with 
a  thin  layer  of  horse-hair  or  small  cushions  of  cotton,  jute,  etc.  They 
are  straight,  or  bent  at  an  angle,  and  of  various  lengths  and  sizes.  As 
they  are  flexible  they  can  be  made  to  fit  the  limb  more  or  less  accu- 
rately by  means  of  straps.     Roser^s  contrivance  is  very  useful.     It  con- 


Fio.  196.— Wire  gutter  for  the 
upper  extremity. 


Fi«.  195.— Sospended  upper  extremity ;  inter- 
rapted  plwter  dressing  with  splints  and 
telesTapn 


legrapn  wire. 


Fio.  197.— Wire  gutter  for  the 
lower  extremitv. 


\  Bsts  of  a  wire  gutter  for  the  entire  lower  extremity,  and  is  made  in 
!  two  or  three  diflEerent  parts,  which  can  be  telescoped  together  to  any 
1^  desired  extent  and  fixed  in  the  proper  position  with  strings.  For  im- 
l  mobilising  both  lower  extremities,  together  with  the  pelvis — for  exam- 
I'  pie,  in  fractures  of  the  latter.  Bonnet's  wire  stockings  were  once  used. 
'   Bonnet  has  also  invented  an  excellent  wire  frame  or  case  for  inclosing 

the  whole  bodv  in  fractures  of  the  vertebrse. 
I        6.  Splints  and  Splint  Bandages, — Splints  are  generally  employed  in 
'   the  treatment  of  fractures  and  in  making  dressings  which  harden  after 
their  application,  as  well  as  ordinary  antiseptic  dressings. 

Splints  are  made  in  an  immense  variety  of  shapes,  either  resembling 
more  or  less  deep  gutters,  or  only  slightly  concave  or  entirely  flat ;  they 
may  be  straight,  or  bent  at  a  right,  acute,  or  obtuse  angle.  Splints  are 
made  of  wood,  papier-mach^,  metal,  silica,  felt,  plaster,  etc. 

Wooden  Splints. — The  stiff,  unyielding  wooden  splints  are  usually 
made  from  the  coarse  heart  wood  of  the  tree ;  they  are  flat  or  slightly 
concave,  or  fashioned  to  fit  the  contour  of  a  particular  portion  of  the 
body,  and  they  may  be  straight  or  bent  at  an  angle.     Fenestrse  are 
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usually  cut  in  them  to  correspond  to  any  projecting  portions  of  the 
body,  such  as  the  internal  condyle  of  the  humerus  at  the  elbow,  or  the 
malleoli  at  the  ankle,  and  thus  the  skin  over  these  points  is  preserved 
from  an  undue  amount  of  pressure,  which  might  cause  it  to  become 
gangrenous.     In  Fig.  198  are  represented  various  kinds  of  splints  for 


Fio.  198. — Splints  for  the  nrm  and  hand. 


the  upper  extremity ;  they  are  straight,  or  bent  at  an  acute  or  obtuse 
angle,  and  made  of  wood  or  papier-mach6.  The  splints  (c  tof)  are 
padded  with  cotton,  jute,  or  tow,  and  then  covered  with  rubber  tissue, 
the  ends  of  which  are  stuck  to  the  back  of  the  splint  with  chloroform. 
These  splints  are  used  almost  exclusively  for  inflammation,  injuries, 
and  fractures  of  the  fingers,  hand,  and  forearm.  The  splint  d  is  some- 
what modified  from  Nelaton's  pistol  splint  for  fracture  of  the  radius. 

Wooden  arm  splints  for  the  entire  upper  extremity  can  be  made 
like  the  models  represented  in  Fig.  198,  e  orf,    Esmarch's  arm  splint* 


Fio.  199.— Esmnrch's  Hnlint  for  resections  of 

the  eloow. 


Fio.  200. — Volkraann^s  supination  apUoL 


(Fig.  199)  are  also  very  useful — for  example,  after  resection  of  the 
elbow-joint;  Volkmann's  supination  splint  is  likewise  good,  and  ena- 
bles the  arm  to  l)e  immobilised  in  a  position  between  pronation  and 
supination  (Fig.  2(>0). 
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arch's  double  splint  (Fig.  201)  is  exceedingly  good  for  a  resected 

>int.     It  consists  of  two  parts  upon  which  the  arm  rests,  the 

ortion  being  joined 

lower  by  a  steel 

g.  201,6).    If  it  is 

e  to  place  the  f  ore- 

1  baud  in  a  verti- 

ition,   in   cases  of 

iflamiuation,  in  or- 

lessen  the  conges- 

oikmann's  suspen- 

int  is  very  useful 

2) ;  the  ring  at  the 

ty  of  the  splint  is 

m1   for  suspending 

;  vertical  position; 
arrangement    of 

>  and  bandages  will 

ly  be  found  suffi- 

r  securing  the  fore- 
position. 

two      excellent 

of    Esmarch   and 

or  resection  of  the 

ire  represented   in 

>3,  a,  5,  and  Fig.  204.    Esmarch's  bow  splint  is  easily  made 

piece  of  wood  or  sheet  iron.     The  wooden  splints  for  the  lower 

extremity  have  been  mostly  supplanted 
by  metallic  splints.  Fig.  205  shows 
Volkmann's  wooden  dorsal  splint,  and 
Fig.  206  Esmarch's  wooden  splint  for 
a  resected  ankle.  It  is  applied  to  the 
posterior  surface  of  the  leg,  which  is 
then  encased  in  plaster  of  Paris  and 
suspended  by  telegraph  wire. 

Pliable  Wooden  Splints. — In  addi- 
tion to  these  stiff  wooden  splints  there 
have  been  recommended  splints  made 
of  wood  which  is  capable  of  bending, 
but  they  have  not  been  received  with 

1  favour  as  they  deserve.     They  are  always  well  suited  for 

an  impromptu  dressing,  especially  in  transporting  patients  to 

15 


Fxo.  201. — Esmorch^s  double  splint  for  resections  of  the 

elbow. 
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the  hospital.     Even  in  ancient  times,  according  to  the  assertion 
E.  Fischer,  splints  were  manufactured  from  wood  which  could 

bent  into  any  desired  shape.    F 

this  purpose  there  were  used  t 

stem  of  the  Spanish  broom,  stri 

of  wood  cut  very  thin,  pieces 

veneering,  green  twigs,  palm^ 


Fio.  203. — Esmarch^B  interrupted  splint  for 
resections  of  the  wrist. 


FiQ.  204. — Listeria  splint  for  resections  of  t 

wrist. 


leaves,  and  the  bark  of  trees.  According  to  the  same  authority,  tl 
Turks  use  moulded  wooden  splints  made  of  the  fibrous  portions  < 
palmetto  leaves  sewed  to  thin  leather,  thus  obtaining  a  material  whic 
can  be  applied  to  an  injured  limb  either  circularly  or  in  the  form-of 


Fio.  205.— Volkmann's  dorsal  splint  (for 
suspension). 


Fio.  206. — Esmarch's  wooden  splint  fin 
resections  of  the  ankle. 


gutter.  Martini  and  Gooch  glue  narrow,  thin  strips  of  wood  taki 
from  the  linden  tree  close  together  upon  soft  leather,  and  in  this  wi 
a  splint  can  be  made  which  is  an  excellent  temporary  dressing  for 

fracture,  particularly  of  the  lowi 
extremity.  Esmarch's  spliut  mi 
terial,  which  can  be  cut  into  an 
required  size,  is  very  similar  to  th 
(Fig.  207).  It  consists  of  strips  i 
wood  three  centimetres  wide  an 
one  and  a  half  centimetre  thid 
which  are  glued  between  two  laytt 
of  cotton  cloth.  Ilerzenstein  u 
vises  that  splints  he  made  after  the  fashion  of  the  ordinary  trellis  woi 
used  for  supporting  vines,  lieeds,  willow  withes,  and  straw  made  in 
mats  have  also  been  recommended  as  splints.     Thin,  pliable  strips* 


Fio.  207. — Ertiuareh's  material  for  making 

splinu. 
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rood  aboat  three  to  four  centimetres  wide  make  a  very  good  material 
lOr  splints  when  combined  with  plaster  bandages,  and  are  also  very 
Qsefal  for  immobilising  a  joint  after  an  antiseptic  dressing  has  been 
tpplied. 

Wood  Dreningi. — ^Waltuch  recommends  wood  dressings  made  of  shav- 
ings, 4.5  centimetres  wide  and  0.5  to  1  millimetre  thick,  and  any  desired 
leDgtb,  which  are  prepared  by  planing  pine  planks  in  a  particular  way.  The 
vood  shavings  roll  up  spontaneously  like  a  bandage,  are  more  easily  handled 
than  thin  board  splints,  and  much  cheaper  than  the  latter.  This  wood  dress- 
ing, consisting  of  shavings  bound  together  with  glue,  is  suitable  for  corsets, 
for  encasing  a  limb,  etc.     (Wien.  klin.  Wochensch.,  1888,  No.  10.) 

Fapier-maehe  Splints. — Splints  made  of  stout  papier-mach6,  about 
three  millimetres  thick,  are  very  frequently  employed  for  immobilis- 
ing purposes.  These  splints  are  usually  made  with  flat  edges,  which 
My  be  bent  into  any  required  shape,  or  else  flat  pieces  are  used  of 
mring  widths.  After  dipping  this  material  in  warm  water  just 
before  it  is  to  be  used,  it  becomes  soft,  and  can  be  readily  made  to  fit 
tny  part  of  the  body  when  fastened  on  with  a  bandage.  The  small 
pipier-mache  splints  are  chiefly  used  for  strengthening  dressings  in 
which  starch  is  employed. 

Hetal  Splints. — Metal  splints  are  generally  made  of  iron,  sheet  iron, 
fli  zinc,  telegraph  wire,  wire  gauze,  etc.,  and  may  be  stiff  and  unyield- 
kg  or  capable  of  being  bent  into  any  shape.  Volkpaann's  sheet-iron 
ijfint  (Fig.  208)  is  exceedingly 
good,  and  in  very  general  use 
for  the  lower  extremity.  It  is 
I  good  plan  to  make  this  of  two 
pwts — an  upper  and  lower — for 
lengthening  and  shortening  the 

«ni:««.      «^,.      .^<^Aoooi.«T     omr^iinf      ^^^-  208.— Volkinann's  sheet-iron  splint  for  the 

iplmt    any     necessary    amount  lower  extremity. 

(Mugge).     Metal  splints   which 

tte  capable  of  being  bent  into  any  shape  are  best  made  of  telegraph 
tire,  tin,  zinc,  or  galvanised  iron.  Flat  splints,  made  of  thin  tin  plate, 
We  been  recommended  by  Solomon  and  introduced  in  the  Danish 
Ifttiy ;  they  are  thirty-five  centimetres  long  and  ten  centimetres  wide, 
ilring  at  one  end  two  small,  three-pronged  projections,  which  are 
ook-shaped  and  notched,  and  at  the  other  two  clefts,  into  which  the 
t>]ections  are  inserted  and  secured,  thus  rendering  it  possible  to  make 
n>liDt  of  any  desired  length.  Thin  galvanised  iron  which  is  capable 
being  cut  with  shears  has  been  recommended,  especially  by  Schon 
i  Weissbach,  as  a  material  suitable  for  splints.  Schon  gives  direc- 
as  for  making  excellent  splints  in  a  very  short  time  from  this  sub- 
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stance,  and   hinge  joints,   fenestra,  and  interrupted   spaces  can  be 
inserted.     In  Fig.  209  is  represented  a  simple  way  of  making  a  gutter  : 
splint  for  the  arm  and  leg. 

The  gutter  splint  for  the  arm  (Fig.  209)  is  made  by  cutting  out  a  splint 
of  the  desired  size  and  bending  it  on  its  long  axis  so  as  to  form  a  shallow  . 
groove,  and  then  transversely  so  as  to  make  an  obtuse  or  right  angle 


.7?. 


Fio.  209.— Pattern  for  making  a  tin  gutter 
for  the  anil  (Schon). 


Fio.  210.— Pattern  for  making  a  tin  gntttf 
for  the  leg  (SchOn). 


i 


Strings  are  passed  through  the  punctures  at  a  a,  and  tied  to  maintain  the 
splint  at  the  proper  angle.  The  gutter  splint  for  the  leg  is  cut  from  galnr 
nised  sheet  iron,  as  represented  in  Fig.  210 ;  it  is  then  bent  on  its  long  vA 
into  a  half  circle,  and  the  foot-piece  is  formed  by  bringing  the  lateral  ptrti 
a  a  around  behind  the  middle  part,  and  retaining  them  in  this  position  1^ 
strings  or  wires. 

Aluminiam  Splints. — Stendel  has  devised  a  pair  of  shears  for  cutting 
aluminium  plate  into  the  proper  shape.  The  splints  of  aluminiam  have 
the  advantage  of  being  cheap,  light,  and  pliable. 

Wire  Splints,  ijiade  from  properly  bent  telegraph  wire  or  from  wiie 
netting,  are  used  a  good  deal.  Telegraph  wire  is  chiefly  used  at  prei- 
ent  for  making  suspension  splints,  and  in  the  preparation  of  the  iDte^ 
rupted  plaster  splint  (Figs.  221-223).  One  of  the  best-known  kindl 
of  wire  splint  is  Smith's  (Fig.  211),  which  is  especially  well  suited  f<f 
the  treatment  of  compound  fractures  of  the  lower  extremity.  Iti' 
made  of  two  nearly  parallel  bars  joined  at  their  extremities  and  in  th» 


Fio.  211. — Smith'rt  anterior  wire  splint. 


Fio.  212.— Esraarch's  splint  for  the  tiiDi 
made  out  of  tel^raph  wire. 


mtervening  space  by  from  two  to  four  movable  wire  arches  or  hoopli|^ 
to  which  are  attached  the  ropes  for  suspending  the  splint.  At  threli. 
places — namely,  over  the  ankle,  knee,  and  hip  joints — it  is  slightij] 
bent,  and  is  then  applied  to  the  anterior  surface  of  the  limb,  to  whi«k^ 
it  is  secured  generally  l)y  a  plaster  bandage. 
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larch  has  constructed  a  splint  (Fig.  212)  of  telegraph  wire  for 
per  extremity,  which  approaches  the  character  of  the  splints 
f  wire  gauze  gutters  for  the 
and  lower  extremities  (Figs. 
7).  Woven  wire  is  also  used 
dng  splints  which  can  be  bent 
ferent  shapes.  Esmarch  has 
lended  the  use  of  long  strips 

lattice  for  splints,  and  from 
terial  it  is  very  easy  to  make 

similar  to  Bonnet's  stocking, 
•'s  lattice-work  splint,  made 

wire  tinned  over,  is  exceed- 
jood  both  for  ordinary  prac- 
i  for  army  surgery.  These 
can  be  bent  into  any  shape, 
a  be  made  to  fit  over  any 
^  or  any  part  of  the  body 
13),  and  they  can  be  length- 
y  fastening  one  or  more  to- 
By  taking  out  some  of  the 
ieces  and  bending  the  lateral 
e  splint  can  be  made  inter- 

or  can  be  bent  at  any  angle 
L3,  fl?,  e).  Neuber  has  recom- 
I  splints  made  of  glass  (Figs. 
5),  as  particularly  good  for 
rhere  an  antiseptic  dressing 

in  place  for  a  considerable 

They  are  transparent,  and  permit  all  parts  of  the  dressing  to  be 

3d  without  disturbing  the  limb. 

(tic  Splints. — Moulded  splints  are  prepared  by  wetting  or  heating 

terial  of  which  they  consist,  and  when  it  has  become  soft  and 


Fio.  218. — Pliable  splints  made  of  iron  wire 
tinned  over  (Cramer). 


-Neaber^s  glass  splint  for  the 
upper  extremity. 


Fio.  215.— Neuber's  g:la8s  splint  for  the 
lower  extremity. 


t  is  made  to  fit  snugly  over  some  particular  portion  of  the  body 
aid  of  a  roller  bandage.     After  the  material  becomes  dry  or 


214  THE  SICK-BED  OP  THB  PATIENT. 

cold,  whichever  the  case  may  be,  a  hard,  unyielding  splint  results 
which  fits  very  closely. 

Papier-mach^ — In  the  preparation  of  these  splints  ordinary  papier- 
mache  can  be  used,  though  it  possesses  only  a  moderate  amount  of 
firmness  when  dry.     The  prepared  papier-mach6  of  P.  Bruns  is  better, 
and  consists  of  ordinary  papier-mache  which  has  been  impregnated 
with  some  hardening  substance,  generally  shellac.    When  this  prepara- 
tion is  warmed  in  a  hot  oven,  or  wet  in  boiling  water,  it  becomes  soft; 
and  capable  of  being  moulded  into  any  shape  in  a  very  few  minutCB^ 
and  subsequently  becomes  as  hard  as  wood  in  from  five  to  ten  minutes. 

Plastic  Felt. — Pliable  felt  can  be  used  in  a  similar  manner,  and  P. 
Bruns  describes  its  preparation  as  follows :  A  sheet  of  ordinary  felt, 
from  five  to  eight  millimetres  thick,  is  soaked  in  a  solution  consisting 
of  one  part  shellac  to  one  and  a  half  parts  of  alcohol  until  it  has  be- 
come completely  saturated,  or  until  the  felt  will  absorb  no  more  of  the 
solution.  (It  takes  up  about  four  times  its  own  weight.)  It  is  then 
allowed  to  dry,  and  from  this  material  excellent  splints  can  be  made  m 
the  shape  of  flat  strips,  or  gutters,  or  cases.  •  After  cutting  the  piece 
of  plastic  felt  into  the  proper  shape,  it  is  dipped  into  water  which  i« 
almost  boiling,  or  stroked  with  a  hot  flat-iron  or  laid  on  a  hot  stove-lid, 
which  causes  it  to  become  as  soft  as  any  ordinary  unimpregnated  felt 
The  softened  felt  is  then  applied  with  a  roller  bandage  to  the  limb, 
which  has  been  previously  covered  with  a  bandage  or  with  cotton,  and 
in  a  short  time  this  splint  becomes  as  hard  as  a  board.  F.  Schwarz  has 
used  moulded  felt  in  Billroth's  clinic,  as  a  substitute  for  more  expen- 
sive and  complicated  contrivances,  with  the  very  best  results  (Wien. 
med.  Wochensch.,  1886,  No.  37).  Splints  of  stiflF  black  caoutchouc  are 
very  serviceable.  They  can  be  softened  in  hot  water  and  given  any 
desired  form. 

Gutta-percha. — Gutta-percha  can  be  used  in  a  similar  manner  fof 
making  straight,  gutter,  or  case  splints.  Gutta-percha,  or  the  dried  sap 
of  an  East  Indian  tree  {Tsonandra  gutta^  Sapotacee),  was  introduced  in 
Europe  in  1843,  and  was  first  used  for  treating  fractures  in  England  in 
1840,  though  it  had  been  employed  for  this  purpose  in  Borneo  a  long 
time  previously.  When  gutta-percha  is  warmed  in  hot  water  it  becomes 
soft  and  capable  of  receiving  any  shape,  and  then  hardens  when  it  cooh 
oflf,  in  about  fifteen  minutes.  For  making  straight,  gutter,  or  case 
splints  of  gutta-percha,  sheets  of  this  material  are  cut  into  the  proper 
form  and  softened  by  immersion  in  water  at  a  temperature  of  75**  to 
85°  C.  The  splint  is  then  allowed  to  cool  off  slightly,  and  after  being 
modelled  into  the  shape  required  to  fit  the  particular  extremity,  whick 
has  been  previously  encased  in  a  flannel  bandage,  it  is  kept  in  place  bj  . 
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s  wet  roller  bandage.     By  gluing  together  t lie  edges  of  two  gatters  a 
cirenlar  splint  may  be  made.     Gutta-percba  is  not  afEected  by  wate 
blood,  pus,  or  urine,  but  it  ib  expensive,  and  on  this  account  has  not 
been  very  generally  used. 

Leather. — Ordinary  leather  is  an  excellent  material  for  making 
straight  or  case  eplints ;  it  should  be  suakeil  iu  water  and  applied  to  the 
linih  with  a  roller  bandage  while  in  a  wet  condition,  when  it  is  capable 
of  being  moulded, 

CeUuIoee  Splint*.— R  de  Fischer  has  advised  th«  use  of  a  batdenin 
material   fur  spliuts  made  of  cellulose.    Thick  flat  plates  of  cellulose  are' 

lufactured  for  this  purpose  haviug  the  outline  of  the  different  limbs,  and 
strengthened  on  oue  side  witli  water  glass.  This  side  of  the  spliut  is  then, 
before  use.  {tainted  over  with  nearly  boiling  wat^r,  which  causes  the  material 
to  beciinie  immediately  soft  aud  pliatile.  The  spliut  is  applied  wet  side  out. 
And  fasteoed  in  position  with  gau^e  bandages  which  have  been  saturated  with 
cold  water.  Tht«e  splints  can  be  strengthened  by  impregnating  them  with 
water  glass  on  both  sides.  They  are  said  to  possess  the  advantage  of  simplic- 
ity, rapidity  in  hardening,  lightness  and  durability,  and,  furthermore,  cost 
very  little.  They  are  manufactured  by  the  apothecary  inTriest,  Karl  Zanetti. 
Lduiderer,  Kirch,  and  others  recommend  celluloid  splints.    They  are  made 

celluloid  bandages,  which  are  gauze  bandages  impregnated  with  a  solu- 
of  celluloid  in  aceton  (1  to  3).     One  disadvantage  is  that  the  material  is 

lamntable. 

Ezteniion  Splinti, — Before  the  introduction  of  extension  by  weight, 
extension  splinu  were  employed,  and  they  will  be  referred  to  in  their 
proper  plat'C. 

Articulated  Bplintt. — Jointed  splints  are  those  consisting  of  two  or 
more  ordinary  splinlj*  united  by  a  joint  or  some  material  capable  of 
))ending,  such  as  caoutchouc,  cloth,  leather,  etc.  A  jointed  sphnt  can 
1)6  fastened  at  any  desired 
angle,  or  ean  Iw  left  mov- 
able, permitting  free  nio- 
in  the  extremity  to 
'bich  it  is  applied. 
There  is  a  great  variety 
these  articulated  splints, 
le  IfCMt  one  prolmbiy  be- 
iasr    Heine's    ( fie     2161.     *■'»■  sis-i'^ne-B  dujoinwbU  sniouimcd  splint  for  tho 

ft  V      o  /'  upper  extremity. 

thoogb  Bidder,  Liieke,  and 

others  have  constructed  very  escellent  splinta.  These  articulated  splints 
can  l>e  used  for  exerting  a  gradual  extension  on  contracted  joints,  for 
oven-otning  contractnres  of  the  niuseles  and  soft  parts,  and  for  the 
after-treatment  of  resected  joints  em  a  supporting  apparatus. 
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Stillmunn  hm  alsu  recoiu  in  ended  an  exeelleut  adjustable  brace, 
which  permits  iiiotiuii  in  the  joint  to  which  it  ia  applied,  and  which 
can  be  readily  included  in  a  plaster  dressing  (Figs,  217,  21S). 

ImproTued  Dressings  of  the  Battle-field, — In  times  of  war  it  nmy 
become  ueceesar^'  to  improvise  dreseiuge  and  epHnts  out  of  whatever 
materials  may  be  at  hand.     J.  Port  baa  written  a  book  on  this  subject 


Fid.  sit. — AdjuiiUbte  ulunp  appKratus, 


Fio.  fil8 


appoFBtua  provided 


(Stuttgart,  Ferd.  Enke,  1892),  in  which  are  a  nninber  of  illustrations 
and  descriptions  of  materials  ivhich  can  be  used  as  surgical  di-essings. 

Apparatus  for  Home  Qymnastios. — Brief  mention  should  be  made  in 
this  place  of  the  different  kinds  of  apparatus  used  for  gymnastic  pur- 
poses which  sbonld  always  be  found  in  every  hospital.  It  would  take 
too  much  space  to  describe  them  except  in  a  very  general  way.  The 
machines  invented  by  Zander,  of  Stockholm,  afford  many  kinds  of 
gymnastic  exercise  which  are  exceedingly  useful  in  some  cases,  and 
their  place  cannot  be  supplied  by  either  massage  or  passive  motion. 
New  and  simplified  apparatus  are  constantly  being  constructed  for 
carrying  out  active,  passive,  local,  and  general  movements.  These 
gymnastic  apparatus  are  coming  more  and  more  into  use  in  hospital 
and  private  practice. 


CHAPTER  V. 

THE  APPLICATION  OF  IMMOBILISINO  DBESSINGS  MADE  OF  MATEBIALS  WHICH 
GBADUALLY  HABDEN. — THE  APPLICATION  OF  EXTENSION  APPABATU8. 

PlMter  dressings. — Dressings  of  tripolith,  starch  paste,  water  glass,  gutta-percha,  and 

felt — ^The  methods  of  employing  extension. 

§  54.  Immobiluation  Dreningt  of  Hardening  Substances. — Dressings 
for  producing  immobilisation  are  nsed  for  fractures,  inflammations  in 
joints,  and  after  many  operations — for  example,  in  the  after-treatment 
of  resections  and  osteotomies,  etc. ;  they  serve  the  purpose  of  prevent- 
ing movement  in  the  part  of  the  body  under  treatment.     Even  in 
ancient  times  attempts  were  made  to  form  immobilisation  dressings 
from  substances  which  would  subsequently  harden,  but  the  methods 
were  imperfect.     To  Ijarrey,  the  distinguished  army  surgeon  of  Na- 
poleon I.,  belongs  the  honour  of  having  generally  introduced  those 
immobilising  dressings  which  were  applied  in  the  soft  state  and  then 
allowed  to  harden.     Larrey  soaked  the  dressings  for  twenty -four  to 
thirty-six  hours  in  a  mixture  made  of  albumen,  liquor  plumbi  subace- 
tatis,  and  spirits  of  camphor.     This  somewhat  tedious  procedure  was 
sQpplanted  by  the  starch  dressing  invented  by  Seutin  in  1834.     As  the 
starch  dressing  took  a  long  time  to  harden,  attention  was  directed  to 
Bome  more  rapidly  hardening  material,  and  gypsum  was  taken  up,  a 
Bobstance  which  had  been  employed  by  the  Arabian  physicians.     The 
honour  of  introducing  the  gypsum  dressing  and  the  methods  of  apply- 
ing it  is  due  to  the  two  Dutch  physicians,  Mathysen  and  Van  der  Loo. 
Nnmbers  of  other  hardening  substances,  such  as  water  glass,  tripolith, 
etc.,  have  also  been  used  in  the  same  way. 

The  Plaster-of-Paris  Dressing. — Among  all  the  materials  employed 
for  making  an  immobilising  dressing  there  is  none  better  than  gypsum, 
possessing,  as  it  does,  the  power  of  rapidly  becoming  hard.  Gypsum, 
)r  plaster  of  Paris,  is  hydrated  sulphate  of  calcium  (CaS04-(-  2H2O). 
The  gypsum  used  in  dressings  is  burned  or  dehydrated,  and  after  mix- 
ig  it  with  water  it  hardens  in  a  few  minutes  to  a  solid  mass,  forming 
ith  wster  a  firm  chemical  combination.     The  plaster  dressing  can  be 
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applied  in  many  different  wajs,  the  best  being  in  the  form  of  plaster 
bandages.  For  this  purpose  bandages,  preferably  of  gauze,  are  im- 
pregnated with  dry  gypsum  powder  by  rolling  them  in  the  latter  and 
working  it  into  the  meshes  of  the  gauze.  Soft  mull  bandages  can  also 
be  treated  in  the  same  way.  The  application  of  the  gypsum  dressing  is 
begun  by  smoothly  enveloping  the  particular  portion  of  the  body  with 
a  soft  mull  or  flannel  bandage,  or  with  a  thin  layer  of  cotton,  over 
which  is  placed  a  soft  mull  bandage.  In  emergency  cases  the  extrem- 
ity may  merely  be  greased  with  oil,  lard,  or  vaseline,  to  prevent  the 
plaster  from  sticking  to  the  hairs  ;  bony  projections  should  be  covered 
with  a  little  cotton,  to  avoid  pressure  at  these  points ;  and,  above  all, 
one  must  be  careful  to  apply  the  bandages  loosely,  so  that  after  drying 
they  do  not  become  too  tight.  Cotton  hose  can  also  be  used  beneath 
the  gypsum ;  it  is  drawn  over  the  extremity  like  tights ;  it  is  cheap, 
and  fits  exceedingly  well  without  forming  wrinkles.  When  necessary, 
two  or  three  layers  of  this  material  may  be  put  on  over  each  other. 
The  roller  gypsum  bandages  are  then  allowed  to  soak  in  water  about  i 
quarter  of  a  minute,  or  until  no  more  air  bubbles  are  given  off.  The 
bandage  is  then  squeezed  dry  and  applied  to  the  part  in  question  as 
loosely  as  possible.  It  should  never  be  drawn  tight,  as  this  will  cause 
the  bandage  to  become  too  narrow,  and  may  subsequently  impede  the 
circulation  in  the  limb.  There  is  no  need  of  making  a  reverse  with 
the  gypsum  bandage,  as  a  few  wrinkles  do  no  harm  and  can  be  smoothed 
out  by  rubbing  the  bandage  with  the  hand,  and  thus  causing  the  dress- 
ing to  conform  accurately  to  the  shape  of  the  limb.  After  about  three 
or  four  layers  of  gypsum  bandage  have  been  applied,  a  thin  layer  of 
gypsum  paste  can  be  added ;  it  is  made  by  mixing  together  gypsum 
powder  and  water  in  about  equal  proportions.  This  layer  is  spread  on 
and  smoothed  over  with  the  palm  of  the  hand,  the  smoothing  process 
being  continued  until  the  dressing  looks  as  though  made  in  one  piece. 
The  gypsum  paste  should  not  be  put  on  too  thick,  for  fear  of  making 
the  dressing  very  heavy,  and  I  frequently  do  not  use  it  at  all.  Plenty 
of  bandage  and  not  too  much  plaster  is  my  maxim.  The  edges  of  the 
dressing  are  best  treated  by  turning  up  the  projecting  underlying 
material  (cotton  or  bandages)  like  a  cuff  and  securing  it  to  the  outer 
surface  of  the  splint  with  a  turn  of  the  plaster  bandage  ^r  a  little  of 
the  paste. 

Even  while  the  bandages  or  outer  layer  of  plaster  paste  are  being 
smoothed  down  with  the  hand,  it  will  be  noticed  that  the  dressing  has 
become  firmer.     In  the  next  few  minutes  it  becomes  noticeably  warm 
and  at  the  same  time  perfectly  hard,  but  not  till  two  or  three  hours 
later  will  the  dressing  be  completely  dry.     By  the  addition  of  some 


Fis.  no. — FeiUHlrateil  planter  splint. 
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ine  sabetaTice,  like  chloride  of  sodium  or  alum,  the  hardening 
ypaum  can  be  accelerated.  If  it  is  desired  to  make  the  piaster 
'  water-tight,  its  external  sur- 
be  painted  with  a  solution  of 
ether — one  to  four  (Mitscher- 
■  a  water-glass  bandage  m&j 
1  over  the  gypsnm ;  this  latter 
is  the  best.  It  makes  the  gjp- 
seing,  particalarlj  when  ap- 
children,  exceedingly  durable. 

easing  the  strengtii  of  the  plaster  dressing  the  latter  is  often 
include  thin,  pliable  strips  of  wood  (Fig.  219),  or  splints  made 
of  papier-mach6,  wood, 
zinc,  or  wire.  If  it  is 
not  desirable  to  cover  in 
some  portion  of  the  bodj 
by  the  plaster  dressing 
on  accomit  of  wounds, 
fistulee,  ote.,  a  fencstrum 
(Fig.  220)  can  be  cut  out 
t  portion,  the  location  of  wluch  may  he  previously  indicated  by 
over  it  a  piece  of  cotton  or  a  flat  disk  having  a  projecting 
he  edges  of  the  fenes- 
n  be  smoothed  off  with 
plaster  paste  or  asphalt- 
to  prevent  fluids*  such 
om  gaining  access  to  the 
irface  of  the  dressing, 
considerable  portion  of 
mity,  such  as  the  knee- 

-joint,  is  to  be  left  out  of  the  splint,  two  plaster  cases  should 
be  applied,  one,  for  example,  te 
the  thigh,  the  other  to  the  leg, 
joined  together  by  an  iron  rod, 
which  can  also  be  covered  with 
plaster  (Fig.  221) ;  telegraph  wire 
can  be  used  in  the  same  manner. 
Under  other  conditions,  wlieu, 
for  instance,  one  wishes  at  the 
same  time  to  suspend  the  extrem- 
iier  plan  is  carried  out  which  is  represented  in  Figs.  222  and 
vo  plaster  cases  are  applied  to  the  extremity  while  it  lies  upon 
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a  suitable  splint,  and  a  piece  of  telegraph  wire,  having  been  bent  int^ 
proper  shape,  connects  the  two  separate  bandages  on  the  dorsal  snrboi 

of  the  limb  (see  Figs.  2Mj  iSS, 
236).  In  the  same  way  two  phft> 
ter  cufb  can  be  provided  witht 
hinge  so  as  to  form  a  jo^: 
which  is  useful  in  the  afi8^; 
treatment  of  a  resected  elbow. 


FiQ.  228. — Interrupted  plaster  splint,  euspended 
(lower  extremity). 


Oradnal  itretehing  of  CoBtnMt* 
ed  Joints  by  the  Plaiter  JkmSatr- 

The  plaster  dressing  can  alao  W, 
used  for  gradual  extension  of  contracted  joints.  A  plaster  case  is  applied  to' 
the  lower  extremity  and  an  oval-shaped  fenestrum  cut  over  the  regi<m  dt 
the  anterior  surface  of  the  knee,  and  at  the  same  time  the  splint  is  cd, 
behind  transversely  across  the  popliteal  space.  Day  by  day  continually 
larger  pieces  of  cork  are  then  wedged  into  the  posterior  line  of  division  in 
the  splint  and  thus  the  knee-joint  is  gradually  extended. 

Oypsnm  Dressing  combined  with  an  Antiseptic  Sreiiing.— The  greit 
advances  in  modern  aseptic  surgery  render  possible  the  frequent  combina- 
tion of  plaster  with  antiseptic  dressings.  After  osteotomy,  for  instance,  of 
the  tibia,  we  cover  the  open  wound  with  an  aseptic  protective  dressing  and 
then  apply  over  this  a  plaster  splint,  which  is  left  undisturbed  till  the  wound 
has  healed,  or  from  four  to  six  weeks. 
We  often  adopt  a  similar  practice 
in  the  after-treatment  of  resected 
joints,  allowing  the  wound  to  remain 


Fio.  234.— Plaster  Hplint. 


Fio.  225. — Case  for  the  lower  extremityf  «lh; 
straps,  buckles,  and  a  hinge-joint  on  Alj 
opposite  side. 


partially  open.  In  otlier  cases  of  joint  resection  the  plaster  bandages  are  tti 
placed  over  the  anti.septic  protective  dressing  till  about  three  to  fivedirt 
after  tlic  operation,  when  the  drains  are  taken  out  In  compound  fractoH^ 
tlie  plaster  splint  is  combined  with  the  antiseptic  dressing  at  the  earliest  p(* 
sible  moment.  Bergmann's  and  Reyher's  experiences  show  that  gyi** 
dressings  will  become  of  the  greate^st  use  in  army  surgery.  These  surgeoBil 
obtained  most  excellent  results,  during  the  Russo-Turkish  war,  from  o«tl 
bined  antiseptic  and  plaster  dressinors  for  the  treatment  of  gunshot  woundlw 
bone.  In  addition  to  the  plaster-handage  dressing,  as  it  is  ordinarily  d* 
scribed,  mention  sliould  bo  made  of  the  following  modifications : 

Modifications  of  the  Gypsum  Dressing.— Compresses,  pieces  of  cloth, « 
parts  of  the  patient's  clothing,  may  be  di])i)e(l  in  plaster  paste  and  either laii 
around  an  extremity  or  fastened  on  witli  bandages  after  previously  envek| 
ing  the  limb  in  some  buffer  dressing.  These  gypsum  cataplasms  are  bigS 
recommended  by  Pirogoff,  Adelniann,  Szymanowski  and  others  for  making 
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hastj  dressing  to  suffice  during  transportation  of  the  patient  Strands  of  hemp 
vmy  be  dipped  in  plaster  paste,  fitted  to  the  extremity,  and  secured  with  a  dry 
Iftoze  bandage.  Other  materials  can  be  soaked  in  plaster  and  used  as  splints 
-6.  g.,  strips  of  cotton  cloth,  muslin,  felt,  oakum,  etc.  Cotton  filled  with 
plaster,  or  the  plaster  plates  of  Fickert,  are  dipped  in  hot  water  and  then 
applied  to  the  limb.  They  harden  in  eight  to  ten  minutes.  Plaster  beds  for 
^)ondylitls  (see  Fig.  22G),  and  plaster  suits  for  spondylitis  and  coxitis,  were 
quickly  made  from  the  diflPerent  materials  soaked  in  plaster.  Gypsum  pow- 
ier  is  also  sewed  up  in  a  sack,  and  when  soaked  in  water  it  forms  a  mass 
irhich  readily  becomes  moulded  to  the  limb,  and  when  dried  makes  a  splint 
rhich  can  easily  be  taken  ofp  (Zsigmondy).  By  sewing  together  two  of  these 
acks  full  of  plaster  longitudinally  upon  one  side  and  laying  them  around 
tn  extremity  and  then  wetting  them,  a  gypsum  splint  is  formed  having  the 
ewed  connection  between  the  two  bags  as  a  hinge  to  facilitate  its  removal 
lOffl  the  limb.  The  same  result  can  be  obtained  by  sewing  together  two 
lieces  of  cloth  longitudinally,  and  putting  gypsum  powder  between  the  two 
ayera.    These  are  then  applied  about  the  extremity  and  moistened  with 


Fio.  226. — **  Plaster  bed  ^  with  extension  for  spondylitis  in  young  children. 

In  a  similar  manner  immobilisation  appliances  can  be  made  in  two 
r  more  parts  which  can  be  fastened  on  a  limb  with  bandages  or  secured 
ith  straps  and  buckles  (Fig.  225).  In  this  way  most  excellent  splints  can 
e  fashioned  of  gypsum  or  other  hardening  material,  such  as  water  glass,  and 
lao  many  kinds  of  supporting  apparatus  can  be  substituted  for  those  manu- 
ictured  by  instrument  makers. 

Auschiitz  advises  that  the  straw  splints  which  have  long  been  employed 
J  stretcher  bearers  as  a  transportation  dressing  be  soaked  in  plaster  paste 
nd  bound  on  with  a  wet  gauze  bandage. 

Back  Support — For  the  application  of  the  plaster  dressing  to  the 
)wer  extremity,  and  particularly  to  the  thigh  and  pelvis,  extension 
od  Bupporting  appliances  are  of  great  utility.  They  render  the  pelvis 
scessible  on  all  sides,  and  prevent  a  fractured  femur  from  becoming 
lortened.  The  simplest  form  of  pelvic  support  is  represented  in  Fig. 
12 ;  it  is  Volkmann's  cushioned  support,  which  is  placed  under  the 
cnijn.  A  footstool  used  in  the  same  way  forms  an  excellent  back 
»t-  The  patient  is  secured  in  the  horizontal  position,  with  extension 
»plied  to  the  leg  and  counter-extension  to  the  axilla. 
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EsteneioD  appliances  are  sometimes  very  nsefal  accessoriee  in 
plying  a  plaster  splint  to  the  thigh,  eapeciallj  if  the  fractnre  is  oblii 
and  there  is  marked  ehorteiiiDg.  Lucke,  Heine,  and  Bmns  have 
vented  extension  appliances  for  this  parpose.  Pulleys  were  once  w 
particularly  for  the  lower  extremity,  in  the  application  of  plas 
splints.  Special  contrivances  for  eztendoD  are,  as  a  mle,  onneceaei 
and  the  hands  of  an  assistant  will  ordinarily  be  found  sufficient.  B 
tative  plaster  eplinta  are  need 
good  deal  for  fractures  and  d 
.eases  of  the  lower  extremity.  I 
particulars,  see  Regional  Sorgei 
Plaster  dressings  are  applied  to  t 
thorax  for  injuries  and  diseases 


Tio.  22".— fluster  dreMinK  taki 
bend,  nvrk,  cliett.  and  peh  ' 
cuUr  diseaim  of  tho  xpine. 


— Plifllfr  dreeoine:,  takioi:  in  lli 
shiiulder,  thorax,  and  snn  for  rncttin 
or  Che  upper  pftrt  of  the  homcru!t. 


tlie  spine  (Fig.  227)  and  for  fractures  of  the  upper  end  of  the  humer 
For  partieiilarfl,  see  Kegional  Surgery. 

Bemoval  of  Plaster  Splinta. — PlaBtor  Bplints  or  dressings  are  tak 
off  with  the  assistance  of  a  knife  made  especially  for  the  purpose  (F 
230),  with  shears,  or  a  saw  (Fig.  231").  The  plaster  knife  should 
held  with  its  edge  Homewliat  at  an  angle  to  the  splint,  so  as  to  cm 
obliquely  to  the  external  surface  ;  or  two  oblique  longitndinal  incisii 
are  made  in  the  plaster  forming  a  V-shaped  groove.  Tlie  dee 
layers  of  the  splint  should  be  cut  with  the  plaster  shears.  By  m^ 
tening  the  whole  splint  with  water,  or  only  along  the  line  where  it  I 
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e  CQttiDg  procees  is  made  much  easier.  After  the  plaster 
as  been  cut  through  lon^tudinally,  the  edges  of  the  incision 

apart  and  the  limb  ie  lifted  ont    Plaster  splints  which  have 
nd  taken  off  maj, 
ired,  be  replaced 

again.  In  such 
i  best  to  connect 
with  plaster  paste 
ve  plaster,  ever 
ster  paste  is  ap- 

thus  the  edges  of 

are  less  likely  to 
sarated. 

h  Dreiaing.— Lang- 
recommended  trip- 
bstitute  for  gypsum 
■f  Paris.  Tripolith 
h,  cement-like  sub- 
sisting of  gypsum 

silicate  of  alumin- 
ircoalorcoke.   The 

>f  tripolith  are  in  general  the  same  as  dehydrated  gypsum,  but 
:cording  to  Langenbeck,  is  somewhat  lighter  and  cheaper  than 

also  hardens  a  little  more  rapidly,  and  when  hard  will  not  absorb 
i  tripolith  dressing  is  applied  with  bandages,  like  plaster  of  Paris. 

LTch  DreMing. — Starch  paste  was  recommended  by  Seutin,  in 
the  manufacture  of  stiff  dressings.  A  starch  dressing  is 
ied,  agreeable  to  the  patient,  cheap  and  light,  but  it  has  the 
ge  of  requiring  from  one  to  three  days  to  become  dry,  and 
ison  Btarcli  dressings  have  lieen  supplanted  by  plaster  in  the 
of  fractures.  The  starch  bantlagc  is  frequently  combined 
:)oard  splints  in  fracture  of  the  arm,  and  is  also  used  alone  in 
•eatment  of  any  fracture. 

jthod  of  applying  the  starch  bandage  is  briefly  as  follows: 
'  is  laid  on  the  skin  in  the  shape  of  a  flannel  bandage,  and 
■roraineuces  are  protected  from  too  much  pressure  from  tlie 
(fling  by  a  layer  of  cotton.  A  soft  raull  bandage  is  applied 
annel,  and  then  a  layer  of  starch  or  bookbinders'  paste  is 
r  the  mull.  Several  strips  of  pasteboard  of  various  sizes  are 
oft  and  pliable  by  soaking  in  warm  water,  and  are  included 
sing  in  such  a  way  as  to  incase  the  limb,  leaving  sliort  inter- 
en  each  strip.  The  pasteboard  is  then  covered  evenly  with 
paste,  and  over  this  is  placed  a  mull  bandage,  which  receives 
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another  layer  of  starch  paste.  Some  three  or  fonr  layers  are  enougk, 
and  tlie  etrips  of  pasteboard  can  be  oeed  in  a  doable  layer,  oepeciaUy  if 
they  are  narrow.  Finally,  a  dry  mull  bandage  is  applied  to  prevent  the 
starch  paste  from  adhering  to  the  clothea,  or  a  bandage  in  the  form  of 
a  bag  may  be  used,  as  well  as  black  silk,  to  improve  the  appearance  of 
the  dressing.  The  dressing  is  cut  open  with  a  stout  pair  of  shean, 
and  can  then  be  used  as  a  removable  splint  in  the  same  way  as  deaerilMd 
for  the  plaster  splints  (Fig.  225). 

Cotton-Starch  and  Faper-Staroh  Drening.— The  cotton-starch  dreningrf 
Burggraeve  and  the  paper-starch  dressing'  of  Lauder  and  Heyfelder  an 
modifications  of  the  ordinary  simple  starch  dressing.  The  latter  is  made  I7 
including  strips  of  paper  in  the  bandages  and  covering  them  with  Stank 
paste.  In  the  cotton-starch  dressing  the  limb  is  enveloped  in  from  twoto 
four  rather  thiclc  layers  of  cotton  woo],  over  which  is  applied  the  starcb- 
paste  dressing,  with  strips  of  pasteboard  softened  in  warm  wat«r,  and  mad* 
to  fit  the  extremity  by  wrapping  over  them  a  mull  bandage  in  the  maniM 
just  described. 

The  Water-OUn  DreMing  (Schranth,  Schnh,  1857)  is  very  easily  pnt 
on,  is  cheap,  durable,  hard,  and  light,  and  ie  also  impervious  to  watv, 
but  has  the  disadvantage  of  requiring  twelve  to  twenty-four  hours  to  ' 
harden.     It  ia  beet  to  use  a  freshly  made  solution  of  neutral  silicate  of  E 
potassium  having  a  specific  gravity  d  ,. 
from  1.35  to  1.40.     This  dressing,  lib  j 
the  plaster  of  Paris,  is  applied  in  pre-  : 
pared  bandages  which  have  been  satn-  t 
rated  with  water  glass  having  the  00a- 
sistence  of  syrup.     About  five  to  eii 
layers  of  the  water-glass  bandages  an 
sufficient.     It  is  best  to  use  a  flanud 
bandage,  or  cotton  and  a  mull  bandaj^ 
as   padding  to  lie   beneath   the  water- 
glass  bandages.    The  skin  should  be  care- 
fully protected  from  contact  with  tbe 
water  glass,  as  the  latter  is  liable  to  caon 
a   very   obstinate    eczema,    particalarl; 
when  old  solutions  are  used.     FQ^the^ 
more,  the  water-glass  bandages  should 
Fio.  232.-Si>iiuM.  artifitiai  Uniiw  nod     "°^  ^  Carried  bcyoud  the  limits  of  the 
cor>L'C3,  Miiidc  111  Kuter  gia™.  protective  padding,  as  the  sharp  edgn 

of  the  splint  may  cut  into  the  skin.  The 
water-glass  splint  can  also  be  strengthened  by  including  in  it  thin 
strips  of  wood  or  other  material.     It  is  an  excellent  plan  to  mix  with 
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tlic  water  glaee,  gypsum,  chalk,  cement,  etc.  These  etibstances  make 
the  iJreseing  harden  mure  rapiil]y  and  render  it  verj  firm  tBijhm, 
Kunig,  the  author).  Bandages  are  soaked  iu  the  thick  paste  and  ap- 
plied a«  in  the  plaster  dressing,  or  the  paete  made  from  water-glaea 
powder  ifi  appHed  with  a  brush  to  the  bandages  after  they  have  been 
put  on.  At  the  end  the  entire  dressing  can  be  dusted  with  the  dry 
powder  and  painted  over  irith  alcohol,  which  gives  it  a  hard,  glassy 
ciivcring.  The  water-gla^  spUnt  is  much  UBcd  iu  the  treatment  of 
I  inflamed  joints  fractures,  etc.,  and  can  also  be  made  into  hinged,  re- 

I  moi-able  splints.     Kap]>e'er  and  Hafter  have  shown  that  a  number  of 

apparatus,  artificial  limbs,  corsets,  articulated  BpUnts,  etc.,  can  be  made 
of  vraler  glass*  (Fig.  232).  Fig.  232,  a  and  b,  represent  water-glass 
splints  for  the  lower  extremity,  provided  with  straps,  buckles,  strips  of 
caoutchouc,  and  fenestra  suitably  placed  for  permitting  movement  of 
the  jouite ;  c  is  a  contrivance  of  Taylor's  for  use  in  coxitis  (see  Regional 
Soreiery) ;  d  represents  a  prothetic  apparatus  for  amputation  of  the 
arm ;  ^  is  a  corset,  and  f  is  another  of  Taylor's  devices  for  kyphosis ; 
d  and  e  are  perforated  witli  holes,  to  make  the  apparatus  light  and 
accessible  to  aii-. 

The  manufacture  of  immobilisation  appliances  from  moulded  felt 
and  giiria-percba  has  been  described  before  (gee  pages  213,  214). 

Dextrine  Sreedug.— Among  ibo  other  matei-iula  which  have  uol  found 
any  very  gvnei-al  use  brief  mention  maybe  made  of  the  dextrine  dressing 
of  Velpeai)  I1K))4).  ll  is  applied  in  the  same  manner  as  the  starch  dressing, 
one  hundred  paKs  of  dextrine  being  mixed  with  sixty  parts  of  spirits  of 
cauiplirir  and  Ufty  parts  of  water.     This  dressing  takes  from  four  to  Kven 

Olae  Dreaaing.— The  glue  dressing  (Vauzetti,  18^6)  hardens  very  slowly. 
Strips  uf  iiuen  or  roller  bandages  of  lineu  or  muslin  are  spread  on  one  side 
with  joiner's  gtuc,  allowed  to  dry.  and  Uien  rolled  into  bandages  with  the 
glue  side  out.  The  bandajires  inimcdiflteiy  before  use  are  (Upped  in  hot  water 
and  applied  to  any  desired  region  over  a  proteetive  padding  bandage.  The 
same  procedure  can  be  adopted  as  in  starch  or  water-glass  dressings,  which 
consists  in  simply  saturating  bandages  and  splints  with  the  glue  after  lliey 
linvc  been  applied. '  Thin  wooden  or  pasteboard  splints  can  be  incorporated 
ill  ilif  dr-'ssiii^  to  strengthen  it 

Hagnesite  Dressing.— The  niagnesite  dressing  is  most  excellpnl.  firm,  and 
■iiinibli-  I-imly  |Muviiere<l  magnesite  and  water  glass  are  mixed  into  a  thick 
(nuilf.    The  Hieliif«l  of  applying  this  dressing,  which  requii'es  some  twenty-  I 

four  lo  ihirty-aix  hours  to  dry,  is  practically  the  same  as  for  the  Btarcli  or  1 

waler-gluss  dreming—i.  e..  either  the  niagnesite  water-glass  paste  is  painted  j 

with  a  bruah  over  the  dry  mull  bandages,  or  else  the  mull  or  cotton  bandages 

*  For  the  fiirlhcr  >1rw;rlpti(>Ti  uf  yhesa  npplisiiccs.  sec  Ekppeler  and  Haf[«r,  Deulsvh. 
Z«it»cJir.  tOr  Chlr..  B.I.  til.  p.  IM. 
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are  first  soaked  in  the  paste  and  then  applied  to  the  extremity  over  a  paddii^ 
of  fianuel  bandages. 

Cement  DreMmg. — In  the  application  of  the  cement  dressing  a  mixture  ol 
one  part  of  cement  to  two  to  three  parts  of  gypsum  is  employed,  and  thisii 
then  applied  like  the  gypsum  or  plaster-of -Paris  dressing. 

Other  Dreifinga — The  gum  dressing  (Lorinser)  is  made  of  lime  or  cement 
dissolved  in  casein,  albumen,  gum  arabic,  glue  and  other  materials  by  tl» 
addition  of  water. 

The  gum-chalk  dressing  of  Bryant  and  Wolfler  is  made  of  a  paste  of  ipm 
arabic  and  chalk  powder.  There  is  also  a  collodion  dressing,  a  resin  dn» 
ing,  with  or  without  wax,  a  paraffine  and  stearine  dressing,  but  so  far  ill 
these  have  not  come  into  general  use.  There  will  be  described  in  Regioul 
Surgery  other  materials  which  are  used  in  the  preparation  of  jackets  for 
scoliosis  and  kyphosis,  but  which  may  also  be  used  for  splints  on  the  extreoi*  • 
ties.    Heusner  uses  twisted  steel  wire  for  splint  purposes. 

§  55.  The  Method  of  employing  Extension  by  a  Weight — As  we  shill  j 
see  later  on,  permanent  extension  is  much  used — for  example,  in  chronbi 
inflammations  of  joints  and  in  fractures.     The  method  of  applying  ei«  \ 
tension  by  a  weight  is  the  most  generally  used  of  all,  and  for  this  f»] 
have  to  thank  the  American  surgeons  Buck,  Crosby,  and  others^  a  j 
well  as  the  German  surgeons  Volkmann  and  Bardenheuer.     The  pot 
ing  of  the  fragments  apart  by  a  weight  is  very  frequently  used  fordi9 
lower  extremity  in  fracture  of  the  femur  and  for  diseases  of  the  h^; 
and  knee  joints,  and  consequently  we  must  describe  it  somewhat  at 
length. 

Extension  of  the  Lower  Extremity. — The  extension  dressing  for  fr 
fracture  of  the  neck  of  the  femur  in  the  form  of  an  adhesive-plaster' 
extension  contrivance  is  begun  in  the  case  of  adults  with  the  applici- : 
tion  of  a  strip  of  adhesive  plaster,  from  three  fingers  to  a  hand-breadtb- 
in  width,  along  the  inner  and  outer  side  of  the  leg,  in  such  a  way  thitj 
the  middle  of  the  strip  extends  in  the  form  of  a  loop  about  a  hand-^ 
breadth  beyond  the  sole  of  the  foot.  Before  applying  the  adheavt; 
plaster  it  is  a  good  plan  to  shave  off  the  hairs,  to  prevent  the  latter  from." 
sticking  to  the  plaster ;  then  strips  of  adhesive  plaster  (or  a  flannd ' 
bandage)  are  placed  circularly  around  the  leg  over  the  lateral  strips  it 
intervals,  or  overlapping  each  other,  beginning  just  above  the  malleoB 
and  going  to  the  head  of  the  fibula.  The  free  ends  of  the  adhesif*' 
plaster,  which  should  reach  to  the  middle  of  the  thigh,  are  then  split; 
longitudinally  with  scissors  into  two  or  three  strips,  which  are  turned- 
down  from  the  thigh  and  also  secured  about  the  leg  with  several  circo* 
lar  strips  of  adhesive  plaster.*     In  this  manner  the  lateral  strips  of 

*  In  this  country  the  r>tri[)s  arc  not  turned  down,  but  left  applied  to  at  least  hitf 
the  Icnprth  of  the  tliigh  above  the  knee,  to  lessen  the  traction  on  the  ligaments  of  til 
knee-joint. — [  Tratifi.] 
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J  piaster  are  eecnred  to  the  leg  very  firmly.  I  avoid  placing 
ireularly  aronnd  the  leg  in  the  region  of  the  head  of  the  fibula, 
iractice  sometimes  has  been  known  to  cause  a  pressore 
)  of  the  external  popliteal  nerve.     In  the  loop  made 

adhesive  plaster  below  the  foot  a  small  piece  of 
fastened  in  place  to  prevent  chafing  of  the  skin  over 
aoli.  Through 
I  the  centre  of 
-d  ie  passed  the 
which  the  ex- 
weigfat  is  at- 

The  rope  is 

to  the  board 
ting  it  on  the 
t  the  foot,  or 
simply  he  at- 

)y  a  hook  (Figs.  288,  235).    The  rope  to  which  the  weight  is 
for  making  the  extension  nms  over  two  rollers  fastened  to  the 

bed  (Fig.  233).  This  dressing  can  be  made  more  firm  and 
by  applying  over  it  a  layer  of  mull  bandage,  and  over  this  a 
mdage,  or,  better  still,  a  water-glass  or  chalk-water-glass  dress- 
)  lessen  the  amount  of  the  chafing  to  which  the  limb  is  sab- 
nd  to  regulate  the  position  of  the  foot,  it  is  a  good  plan  to  nse 
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m's  sliding  foot  rest  fFig.  93.?),  which  consiBtB  of  a  tin  gutter 
r  the  leg,  padded  with  cotton  or  jute,  and  having  a  removable 
■e  attached  to  a  wooden  cross-bar.  The  croee-bar  elides  on 
ritadinal  strips  of  wood.     Other  sliding  foot  rests  have  been 
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invented  bj  Riedel  and  Wahl.     If  Volkmann's  contrivance  is 
ployed,  anj  hardening  dressing,  each  ae  the  water-glass  bandage,  i 


Fio.  285. — Vertical  susponHioa  with  >  plwtcr  dreiwng,  the  ktim  boing  beot  >t  >  rig^t  Uf 


of  course  be  applied  so  as  to  include  the  leg  splint.    The  weight  of 

body  is  ordinarily  employed  for  making  coanter  extension,  the  pat 

being  kept,  if  possible,  in  the  horizontal  position  while  the  foot  of 

bed  is  raUed  by  a  conple  of  blocks  of  wood ;  ( 

pelvic  or  perineal  girdle,  made,  for  example,  fro 

rubber  bandage,  can  be  carried  around  the  patie 

perinieam,  thence  to  the  head  of  the  bed,  and  attac 

to  a  weight  by  a  cord  running  over  a  conple  of  roll 

Aa  adhesive  plaster  is  sometimes  nncoiuforta 

and  may  cause  a  troublesome  eczema,   emplasti 

cerussse  may  be  need  in  its  place ;  or  perhaps  a  be 

plan  is  to  enclose 

limb  in  a  flannel  Ih 

age,  and  to  attach 

this    extension     et 

made  of  pieces  of  li 

cloth ;  or  a  strong 

not  too  elastic  nil 

bandage  may  be  sc' 

laterally   to    the  ti 

Fio.  23'l,-%  crtipnl  suBi>criHuiii  for  (rii(.>tnn:-e  f^f  llie  f^iiiur  in         ,  .,      i,  ,  ,         , 

..'iiii.irtii.  of  the  flannel  band 

Personally    I   find 

following  method  of  applying  the  extension  apparatus  much  sim 

than  the  one  just  given.     Two  long  strips  of  sole  felt,  or  piano 
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or  bnck-Bkin  are  cut  to  correspond  to  the  leagth  of  the  limb  and  from 
( to  10  centimetres  in  width.  The  two  lower  ende  are  joined  together 
bj  a  strip  of  canvaa.  The  two  stripB  of  felt  are  secured  by  an  adhe- 
vre  material,  which  is  applied  to  the  sides  of  the 
^,  and  bj  circnlar  turns  of  a  bandage.  The  con- 
Dtaeate  of  the  adhesive  material  are  as  follows: 
!ene  tlavfe,  resin,  damarak,  colophon,  &&  10.0 ; 
:rebinth.  1.0 ;  ether,  alcohol,  oleum  terebinth. 
1 55.0.  Thifl  mixture  is  filtered.  In  from  two 
I  three  hoars  the  felt  or  buck-skin  strips  are 
rmly  adherent  to  the  leg,  and  the  extension  can 
len  be  b^uu  in  the  way  described  above.  Ex- 
Dgion  may  also  be  combined  with  some  one  of 
«  various  kinds  of  immobilising  dressings,  such 
plaster  of  Paris.  Recently  the  cord  for  exerting 
e  traction  has  been  attached  by  means  of  hooka 
id  cross-bars  to  rubber  tubing  filled  with  air  ap- 
ied  around  the  region  just  above  the  malleoli. 

In  the  after-treatment  of  cases,  such  as  a  hip- 
int  resection,  where  extension  is  only  required 
night,  gaiters  are  applied  reaching  to  the  middle  of  the  thigh  and 
iving  a  leather  foot-piece  to  which  is  fastened  the  cord  for  exerting 
e  traction. 

If  it  is  desired  to  apply  ex- 
uion  to  the  thigh  in  a  some- 
liat  abducted  position,  as  after 
lection  of  the  head  of  the 
mnr,  rollers  can  be  attached 
'  a  board,  which  may  be  iaa- 
oed  with  screws  to  any  de- 
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jd  part  of  the  bed,  while  the  cord  for  exerting  the  traction  ie  carried 
r  a  wooden  frame  placed  near  the  bed. 
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Frequently,  in  cases  of  fracture  of  the  lower  extremity,  extension  i 
combined  with  EuspenBion,  as  illustrated  in  Figs.  :i34, 235,  and  236.  I 
requires  no  further  explanation. 

Exteniion  of  the  Vppur  Extremity  is  carried  oat  hj  meooB  of  adheaic 
plaster  applied  to  the  shoulder-joint  and  arm,  according  to  the  methoc 
of  Bardenhener  and  Hamiltoi 
or  of  Loasen  or  Hofmoki.  £^ 
tension  upon  the  upper  extreu 
itj  has  b;  no  means  tbe  in 
portance  that  it  haa  upon  tb 
lower.  Hamilton's  extension  a 
the  shoulder-joint  (Fig.  23T)  a 
applied  by  means  of  adhesire 
plaster  and  a  weight,  while  coiid- 
ter  exteuBion  is  made  with  i 
crutch  in  the  axilla,  the  crutch 
being  supported  by  a  belt  aroonl 
the  waist.  Lossen's  extension  i<M 
the  arm  (Fig.  238)  is  applied  b; 
laying  the  arm  on  a  splint  whidi 
is  fastened  to  the  patient's  bei 
The  way  in  which  the  ttactioB 
is  exerted  by  adhesive  -  plastff 
strips  is  represented  in  the  figure 
ij'swiwioiiit  i.  and  needs  no  further  deecriptioii. 

Hofmoki  has  also  devised  an  ex- 
cellent apparatns  for  applying  extension  by  a  weight  to  the  upper 
extremity  (Fig.  239).  There  is  seldom  any  need  of  applying  extenaon 
at  the  elbow-joiut,  but  for  the  forearm  and  wrist-joint  Langenbed^ 
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lity  (llufiiiokll.     In  eitenBioQ 

>f  thv  upper  Rtm  Uib  loops  1  snii  3 
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method  (Fig.  240)  can  be  used.  Extension  by  a  weight  can  also  l» 
employed  for  the  metacarpua  and  fiiip;ers  by  means  of  loops  of  adhesin 
plaster.     Extension  by  suspending  the  arm  is  illustrated  in  Fig.  194. 
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I  of  th«  Spine. — The  following  is  a  brief  description  of  the 
tliods  of  using  extension  for  the  vertebrse :  For  fractnres  and  tuber- 
ir  indammatiou  of  the  vertebrse,  Glisson'a  leather  Bllng  with  a  metal 
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[Fifj.  241)  is  employed,  or  Falkaon's  chin-neck  sling  of  emplaetrum 
8ie  (Fig.  242).  E.  Fischer's  snggestion  is  excellent :  A  four-cor- 
1  piece  of  cloth  is  provided  with  openings  for  the  face  and  neck ; 
;ben  padded  in  the  region  of  the  chin  and  back  of  the  neck,  and 
onr  comers  of  the  cloth  are  broagbt  together  over  the  top  of  the 


and  connected  with  the  cord  used  for  exerting  the  traction, 
ter  extension  is  famished  by  the  weiglit  of  tlie  body — i.  e.,  the 
of  the  bed  is  raised,  or  extension  is  applied  to  the  legs. 
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Id  eases  of  tubercular  inflAtnmation,  for  example,  of  the  cervical 
vertebree,  the  latter  ma;  be  tixed  and  extended  by  means  of  the  jiuy- 
raaet  corset  (Sayre,  Figs,  243,  244).  For  extension 
of  the  lumbar  and  dorsal  vertebrse  it  is  best  to  use 
the  weight  of  the  patienfB  body  by  placing  liim 
either  in  a  Banchfusa  hammock  (Fig.  ^5J  or  in  a 
Barwell's  sling.  The  methods  of  applying  these  dif> 
ferent  dressings  will  be  described  in  the  Kegional 
Surgery. 

The  Amoimt  of  Force  to  be  used  in  XxtensioD. — 
The  amount  of  traction  which  may  be  employed  ia 
the  different  extension  appliances  varies  with  the  age  . 
of  the  patient  and  the  nature  of  the  disease  or  J 
injury.  For  fractures  of  the  femur  and  hip-joiat 
inflammations  in  small  children,  one  to  two  to  tiint 
kilogrammes  are  used ;  for  children  from  ten  to 
twelve  years  old,  somewhat  more;  while  in  adultl 
ten  to  fifteen  kilogramnies  may  be  needed. 

Exteiuion  hj  Bpllntt. — Extension  by  splints  ii 
much  less  used  now  than  was  formerly  the  MM. 
Reference  will  be  made  in  the  text-book  on  Regional  Sui^i;ery  to  tbe 
splints  used  for  extension  purposes,  especially  under  the  treatment  <i    . 
injuries  and  diseases  of  the  hip  and  lower  extremities.    Numerous  fW-    - 
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tative  extension  splints  have  been  devised  of  late  {see  Kegional  S^l^« 
gery.  Injuries  and  DiiieaseB  of  the  Lower  Extremities).  For  a  deeciip- 1 . 
tion  of  portative  splints,  see  The  Treatment  of  Fractures.  ! 
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SURGICAL  PATHOLOGY  AND  THERAPY. 


CHAPTER  I. 

INFLAMMATION   AND   INJURIES. 

lie  phenomena  of  inflammation. — The  histological  changes  which  take  place  in  in- 
flammation.— Causes  of  inflammation. — Symptoms  of  inflammation. — Termina- 
tions.— Diagnosis. — Treatment. — Morphology  and  signiflcance  of  micro-organisms 
(microbes). — Injuries  in  general. — The  histological  changes  which  occur  in  the 
healmg  of  a  wound. — The  reaction  following  wounds  and  inflammations. — Fever. — 
Shock. — Delirium  tremens. — Delirium  nervosum. — Disturbances  which  may  arise 
during  the  healing  of  a  wound. — Infection  of  wounds. — Inflammation. — Suppura- 
tion of  the  wound. — Lymphangitis. — Arteritis. — Phlebitis. — Cellulitis. — Erysipe- 
las.— Wound  diphtheria  (hospital  gangrene). — Tetanus. — Septicjemia. — Pyaemia. — 
Infection  by  cadaveric  poison.— Other  kinds  of  infection. — (Anthrax ;  symptomatic 
anthrax. — Glanders. — Hoof  and  mouth  disease. — Hydrophobia.) — Poisoning  by  in- 
sects, snakes,  etc. — Curare  poisoning.— Appendix :  Chronic  microbic  diseases. — 
Tuberculosis. — S3rphilis. — Leprosy. — Actinomycosis. 

§  56.  Inflammatioit — The   physicians   of  antiquity  recognised  the 

four  cardinal  symptoms  of  inflammation :  Eedness  (rubor),  heat  (calor), 

swelling  (tumour),  and  pain  (dolor).     But  these  outward  manifestations 

do  not  throw  light  upon  the  source  and  essence  of  inflammation.     The 

question,  where  the  origin  of  the  process  is  to  be  found,  has  always 

been  a  subject  of  discussion,  and  the  principal  part  in  the  production 

of  inflammation  has  been  ascribed  in  turn  to  the  blood,  to  the  tissues, 

to  the  blood-vessels,  and  to  the  nerves.     Numberless  experiments  have 

been  performed  and  the  most  diverse  theories  have  been  advanced  to 

account  for  the  phenomena  of  inflammation.     Virchow  founded  the 

MuUir'paihology  theory,  according  to  which  an  "inflammatory  irrita- 

ion  ^  leads  to  definite  changes  in  the  cells.     Cohnheim  ascribed  it  to  a 

»robabIe  molecular  change  in  the  walls  of  the  vessels,  while  Keck- 

nghausen  and  Thoma  laid  stress  upon  the  vasomotor  nerves,  and  par- 

cnlarly  upon  their  centres  located  in  the  inflamed  region.     Of  the 

Lj-ious  inflammatory  irritants  or  causes  of  inflammation,  micro-organ- 
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isms  and  the  products  of  their  inetaholism  should  be  looked  upon  aa 
the  mast  inrportaiit. 

Changes  in  the  Circulation  in  an  Inflamed  DiBtrict — In  order  to 
uiuiei'Btand  the  nature  of  inriainmation,  it  is  best  iirst  to  study  what 
taken  place  in  the  circulator)'  eysteui.  Cohiiheim  has  sliowu  how  these 
processes  may  be  watched  under  the  microscope.  The  iutestine  of  an 
etherised  or  eurarised  frog  is  drawn  out  through  an  opening  made  in 
the  side  of  the  ahdoininal  wall,  and  the  mesentery  is  spread  out  on  a 
elide  beneath  a  microscope.  In  this  way  the  mesentery,  with  its  ves- 
sels, is  subjected  to  the  influence  of  the  air  and  the  irritating  substances 
in  it,  particularly  the  micro-organisms.  After  a  short  interval  an 
inflammation  begins,  all  the  various  manifestations  of  which  can  be 
observed  from  beginning  to  end,  and  all  the  more  exactly  if  the  prepa- 
ration is  protected  from  all  bruising,  drying,  or  soiling,  etc.  The 
webbing  l)etween  the  toes  or  the  tongue  of  the  frog  can  be  used  in 
the  same  manner ;  the  tougue  is  drawn  out  and  fastened  with  insect 
plus  to  a  cork  rim  around  a 
elide,  aikd  then  by  cauteris- 
ing or  scratching  the  papill«j 
an  inflammation  can  be  pro- 
duced and  the  various  phe- 
nomena studied. 

There  is  first  seen  a  dila- 
tation of  the  exposed  vessels 
of  the  mesentery,  if  that  is 
employed,  beginning  in  the 
arteries  and  extending  to  the 
veins,  and  to  a  less  ext«nt 
involving  the  capillaries.  Si- 
multaneously with  the  dila- 
tation of  the  vessels  tlie  hlood 
stream  begins  to  flow  more 
rapidly,  and  this  is  followed 
sooner  or  later,  in  from  half 
an  hour  to  an  hour,  by  a 
marked  slowing  of  the  cur- 
rent. As  a  result  of  this  slowing  the  separate  corpuscles  can  be  distin- 
guished in  the  veins  and  capillaries,  and  even  in  the  arteries ;  and  they 
■will  tte  found  to  accumulate,  especially  in  the  veins  and  capillaries.  In 
the  veins,  particularly,  there  will  he'  large  numbers  of  colourless  blood- 
corpuscles  in  the  peripheral  portion  of  the  current,  and  occasionally 
they  will  stick  to  the  inner  walls  of  the  veins  (periplieral  stasis  of  the 
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wliite  corpusclcB  or  leucocytes,  Fig.  246).  The  red  cells,  od  the  con- 
trary, eontinue  to  flow  along  ■n-ith  diminislied  rapidity  in  the  centre  of 
the  stream-  Presently,  following  the  peripheral  Etasis  of  the  white 
wlls,  there  will  be  observed  a  new  phenomenon  :  a  point  will  be  seen 
to  prpject  from  the  ex- 
ternal contour  of  some 
vein  or  capillary,  and 
then  gradually  become 
larger  and  more  and 
more  prominent  (Fig. 
247.  M);  and  finally  tide 
bit  of  protoplasm  will 
only  remain  attached  to 
the  wall  of  the  veeeel  by 
one  or  more  procegses, 
and  at  laet  becomee  en- 
tirely separated,  which 
means  that  a  white  cor- 
puscle has  made  its  way 
out  of  the  vein  or  capillary  (Fig,  247,  i).  Six  or  eight  hours  later  thie 
process  ha«  continued  to  such  an  extent  that  the  veins  and  capillaries 
aru  surronnded  by  these  migrated  white  cells.  In  addition  to  these 
cells,  which  are  usually  polyuuclear,  there  will  be  found  small  round 
mononuclear  cells  (lymphocytes),  whicli,  according  to  Grawitz  and  Rib- 
liert,  are  to  be  regarded  as  derived  from  the  fixed  connective  tissue 
cells,  though  Baumgarten  claims  that  they  are  likewise  white  corpuscles 
which  have  migrated  from  the  vessels  of  the  same  region  (leucocytes). 
According  to  Baumgarten,  the  small  mononucleated  lymphocyte  form 
of  leucocyte  is  the  predominant  element  in  chronic  inflammations. 
Waller  was  the  first  ll84(>)  to  note  the  migration  of  the  leucocytes 
from  the  interior  of  the  vessels,  hut  his  observations  had  been  entirely 
forgotten  when  Cohnheim  rediscovered  this  phenomenon  in  18*17. 

Retl  blood  disks  also  pass  through  tlie  walls  of  the  capillaries,  but 
not  of  the  veins,  for  in  the  capillaries  both  classes  of  cells  come  in  con- 
tact with  the  walls,  and  are  not,  as  in  the  veins,  confined  to  separate 
parts  of  the  blood  current.  The  pro[>ortion  of  red  cells  contained  in 
the  exudate  varies  ;  some  lie  here  and  there  on  the  outer  wall  of  the 
capillaries,  some  collect  in  tiny  punctate  ha!morrhages,  and  some  are 
washed  away  in  the  stream' of  transuded  serum.  No  blood-corpuscles 
migrate  through  the  walla  of  the  arteries. 

The  time  required  for  a  white  cell  to  pass  through  the  wall  of  a 
capillary  or  vein  varies,  and  the  same  holds  true  as  to  the  passage 
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(diapedesis)  of  a  red  cell  through  the  wall  of  a  capillary.  Sometimes 
the  movement  is  slow,  while  at  otliers  a  few  mintites  are  enough  for 
three,  four,  or  more  cells  to  escape  one  after  the  other  at  the  same 
spot ;  and  iinuiediately  thereafter  tlie  blood  stream,  with  ite  corpuscles, 
flows  on  normally  past  the  point  where  they  have  escaped. 

Significance  of  tlie  Escape  of  the  Lencocyte&^AB  Leber  has  demon- 
strated, tlie  escape  of  the  leucocytes  from  the  vessels  is  not  unregu- 
lated, but  they  ol>ey  an  attraction  towards  the  place  of  irritation  simi- 
lar to  that  observed  by  Pfeffer,  O.  Hertwig  and  Engelinami  in  vegetable 
cells  and  bacteria  upon  which  certain  chemical  substances  exert  a 
peculiar  power  of  attraction  (chemotaxis).  The  substances  which  act 
in  this  mauTier  on  bacleiTa  are  the  salts  of  potassium,  peptones,  and 
especiuUy  all  nutritive  substances;  while  other  substances,  such  as  free 
acids  and  alkalies  or  alcohol,  have  a  repellent  power  (negative  chemo- 
taxis). These  facts,  which  Pfeffer  has  demonstrated  experimentally 
for  the  fungi,  have  a  most  important  bearing  upon  the  subject  of  in- 
flammation. This  power  to  attract,  or  chemotaxis,  influences  or  even 
controls  the  movements  of  the  leucocytes  in  the  tissues  towards  the 
focus  of  inflammation,  also  the  actual  migration  of  tlie  cells  from  the 
vessels  and  later  the  formation  of  new  vessels  at  the  same  point.  The 
leucocytes  are  especially  attracted  by  the  bacteria  and  the  products  of 
their  metabolism,  as  well  as  by  different  chemical  substances,  such  as 
copper,  mercury,  croton  oil,  turpentine  oil,  etc.  According  to  Bloch, 
they  are  attracted  chiefly  by  the  easily  assimilated  albuminous  bodies 
and  carbohydrates  which  are  closely  allied  to  the  animal  tissues.  Ac- 
cording to  Buchner,  the  protoplasm  of  bacterial  cells  contains  substances 
which  exert  this  attraction  upon  the  leucocytes,  the  so-called  bacterial 
proteins  which  Nencki  studied  ae  early  as  18S0  in  certain  kinds  of 
bacteria,  from  a  purely  chemical  etandpoint.  These  proteins  will  pro- 
duce inflammation  or  suppuration  only  after  they  have  become  sepa- 
rated from  the  bacterial  cell,  consequently  only  after  the  latter  has  died 
or  become  diseased.  Borissow  fomid  that  chemotaxis  was  much  more 
active  in  young  animals  than  in  full-grown  ones.  He  could  not  deter- 
mine that  a  particular  substance  attracted  a  special  variety  of  leiirocvte. 
The  assembhng  of  cells  at  the  seat  of  inflammation  is  to  be  regarded 
as  essentially  a  protective  measure  taken  by  the  organism  for  the  pur- 
pose of  defending  itself  against  external  noxious  influences.  The  leu- 
cocytes serve,  perhaps,  to  eliminate,  to  liquefy,  and  to  separate  the 
inflammatory  focus  from  the  healthy  living  tissues  (I^ber). 

Increased  Exudation. — Accompanying  the  migration  or  extravasa- 
tion of  blood-cells  thc-re  is  an  increased  transudation  of  the  liquid 
elements  which  infiltrate  all  the  surrounding  tissues.     This  increases 
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the  amonnt  of  the  Ivniph  earrent  until  the  Ivniph  channels  become 
inadequate  for  carrying  away  tlie  transuded  li(iuid,  and  tlien  results  a 
ewelliiig  of  the  part  of  the  body  which  is  iuflmuod,  Partly  as  a  result 
of  their  own  power  of  locomotion,  and  partly  carried  along  by  the 
traDended  fluid,  the  wliite  blood -corpuscles  become  distributed  through 
the  tissues  at  ever-increasing  distances  from  the  vessels  out  of  which 
they  have  wandered.  Finally,  both  the  corpuscles  and  the  exudate 
make  their  way  to  the  surface  of  the  mesentery,  and  there  the  exudate 
euegulates,  forming  a  so-called  false  membrane,  which  is  filled  with 
numberless  while  blood -corpuscles  and  a  few  red  ones. 

Corresponding  to  the  great  number  of  leucocytes  which  it  contains, 
the  inflammatory  exudate  is  very  rich  in  albumen,  while  the  exudate 
which  follows  passive  congestion  is  not  (Iloppe-Seyler,  Lassar),  Only 
in  case^  of  mild  inflammation,  or  in  the  early  stages  of  others,  does  the 
exudate  contain  a  small  number  of  cells. 

According  to  the  character  of  the  inflammatory  exudate,  we  die- 
tiugiiish  it  as  serous,  flbrinous,  crou]>oiis,  iliplitli critic,  suppurative, 
hien]< irrhngic,  and  ichorous. 

Proliieration  of  Connective-tiuue  Cells  in  Infiammation.^Xot  all 
of  the  cells  which  are  found  in  inflamed  parts  are  migrated  leuco- 
cytes. The  fixed  connective- tissne  cells  proliferate  by  rapid  division, 
and  contribute  notably  to  the  cellular  infiltration  of  the  inflanmm- 
t(rry  focus. 

According  to  Strieker  and  Grawifz,  the  intercellular  substance  of 
the  tissues  undergoes  a  cellular  metaniorphosts  n'hen  inflamed,  revert- 
ing to  its  embryonic  cellular  state.  The  cells  also  which  have  hitherto 
lain  dormant  in  the  stroma  (dormant  cells,  Grawitz)  are  said  to  awake 
to  renewed  activity.  The  views  which  Grawitz  has  expressed  con- 
cerning the  process  of  inflammation  are  of  great  scientific  interest,  but 
they  greatly  lack  the  support  of  observed  facts,  and  have  not  yet  met 
with  general  acceptance. 

Inflammation  from  Croton  Oil. — The  manifestations  of  inflammation  just 
ilewriliMj  can  nlso  bp  |)r.Miiiceil  l),v  irritating  the  frog's  Umgue  with  very 
diltite  croton  oil  f  1.50  of  olive  oil),  by  cauterising  it  with  a  stick  of  iiitratt-  of 
silvM-.  or  by  applying  a  ligature  In  temporarily  shut  off  the  blood  frouj  ihe 
v<-«t«i-ls  of  tbc  longue.  PrMiaely  similar  plienotuena  can  be  observed  in 
wnnn -blooded  nnimals— for  instance,  in  the  mesentpry  of  a  small  rabbit. 
All  thr  eross  changes  which  lake  place  in  an  inflammation  can  be  produced 
ill  n  mbbifs  ear  by  painting  it  with  cniton  oil.  cnuterising  it.  apiilying  a 
ligHiun^.  or  by  subjecting  it  to  heat  or  cold,  as  by  dipping  it  in  hoi  wBt<^r  or 
lichtly  freezing  it  with  a  cooling  mixture.  An  ear  which  has  been  Rubjrrled 
for  even  a  few  miiiul««  to  n  lemperature  of  58"  to  60*  C.  (140°  to  147"  F.).  or 
-IR*  In  —20'  C.  (—1*  to  —i'  F.),  will  inevitably  necrose.    After  a  rabbit's 
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isaii  Hnd  tlie  prodacta  of  tbeir  metaboHsm  shoald  be  looked  upon  ti 
the  mo!«t  important. 

Changes  in  the  CircaUtian  in  ul  Inflamed  Diitriot — In  order  to 
understand  the  nature  of  inflammation,  it  Is  beet  first  to  study  wbst 
takes  place  in  the  circulatory  system.  Cobnheim  has  shown  how  then 
processes  may  be  watched  under  the  microscope.  The  intestine  of  in 
etherised  or  curarised  frog  is  drawn  out  through  an  opening  made  in 
the  side  of  tlie  abdominal  wall,  and  the  mesentery  is  spread  out  on  i 
slide  beneath  a  microscope.  In  this  way  the  mesentery,  with  its  vei- 
sels,  is  subjected  to  the  influence  of  the  air  and  the  irritating  subet&ncM 
in  it,  particularly  the  micro-orgauiems.  After  a  short  internal  H 
inflammation  begins,  all  the  various  manifestations  of  which  can  bt 
observed  from  beginning  to  end,  and  all  the  more  exactly  if  the  prepe- 
ration  is  protected  from  all  bruising,  drying,  or  soiling,  etc.  "He 
webbing  l>etween  the  toes  or  the  tongne  of  the  frog  can  be  osecl  ii 
the  same  manner ;  the  tongue  is  drawn  out  and  fastened  with  inseet 
pins  to  a  cork  rim  aronndi 
^H  r '"  "^  c'X*    ,    ,  slide,  and  then  by  canteiii- 

L  ?  S*\.l  4  /  1  '9fJ/  1 1  iig  or  scratching  the  papila 

an  inflamniatiou  can  be  pro- 
duced and  the  various  phs- 
nomena  studied. 

There  is  first  seen  a  dili- 
tation  of  the  exposed  veseeli 
of  the  mesentery,  if  that  ii 
,  employed,  beginning  in  tb( 
>>/  ,  arteries  and  extending  to  the 
veins,  and  to  a  less  extent 
involving  the  capillaries.  8i- 
mnltaneonslj  with  the  dil»- 
tation  of  the  veasels  the  Wood 
stream  b^ns  to  flow  mora 
rapidly,  and  this  is  followed 
sooner  or  later,  in  from  bilf 
an  honr  to  an  hour,  by  • 
marked  slowing  of  the  rm- 
rent.  As  a  result  of  this  slowing  the  separate  corpuscles  can  be  distin- 
giiished  in  the  veins  and  capillaries,  and  even  in  the  arteries ;  and  thsy 
will  lie  fonnd  to  acciimulnte.  especially  in  the  veins  and  capillaries.  Il 
the  veins,  particularly,  there  will  be  lar^e  numbers  of  colourless  hlood- 
corpu^cles  in  the  ))eripheral  portion  of  the  current,  and  occaraonallj 
they  will  stick  to  the  irmer  walls  of  the  veins  {peripheral  stasis  of  tha 
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hite  corpoBcIes  or  leacocjtes,  Fig.  246).  The  red  cells,  on  the  con- 
WT,  continue  to  flow  along  with  diminifihed  rapidity  in  the  centre  of 
be  rtreain.  Presently,  following  the  peripheral  stasia  of  the  white 
«ll8,  there  will  be  observed  a  new  phenomenon  :  a  point  will  be  seen 
o  prpject  from  the  ex- 
ioiial  contour  of  some 
ma  or  capillary,  and 
i)en  gradnally  become 
ir^r  and  more  and 
Dore  prominent  (Fig. 
Mr,  u) ;  and  finally  this 
tit  of  protoplasm  will 
lolv  remain  attached  to 
he  wall  of  the  vessel  by 
oe  or  more  processes, 
od  at  last  becomes  en- 
irely  separated,  which 
leans  that  a  white  cor- 
oscle  has  made  iXn  way 
Dt  of  tlie  vein  or  capillary  (Fig,  247,  b).  Six  or  eight  hoars  later  this 
rocese  lias  continned  to  such  an  extent  that  the  veins  and  capillariee 
re  gQrrcnnded  by  these  migrated  white  cells.  In  addition  to  these 
ills,  which  are  usually  polynuclear,  there  will  be  found  small  round 
lononuclear  cells  (lymphocytes),  which,  according  to  Grawitz  and  Rib- 
ert,  are  to  be  regarded  as  derived  from  the  fixed  connective  tisene 
;]1b,  though  Baumgarten  claims  that  they  are  likewise  white  corpuscles 
bich  have  migrated  from  the  vessels  of  the  same  region  (leucocytes). 
.ccording  to  Baumgarten,  the  small  mononocleated  lymphocyte  form 
F  leucocyte  is  the  predominant  element  in  chronic  inflammations. 
Taller  was  the  first  (1846)  to  note  the  migration  of  the  leucocytes 
nom  the  interior  of  the  vessels,  bnt  his  observations  had  been  entirely 
Hgotten  when  Cohnheim  rediscovered  this  phenomenon  in  1S67. 

Red  blood  disks  also  pass  through  the  walls  of  the  capillaries,  but 
ot  of  the  veins,  for  in  the  capillaries  both  classes  of  cells  come  in  con- 
ut  with  the  walls,  and  are  not,  as  in  the  veins,  confined  to  separate 
irts  of  the  blood  current.  The  proportion  of  red  cells  contained  in 
le  exudate  varies;  some  lie  here  and  there  on  the  outer  wall  of  the 
ifrillaries,  some  collect  in  tiny  punctate  htemorrbages,  and  some  are 
ubed  away  in  the  stream*  of  transuded  serum.  No  blood -corpuscles 
igrate  throngh  the  walls  of  the  arteries. 

The  time  required  for  a  white  cell  to  pass  through  the  wall  of  a 
pillarr  or  vein  varies,  and  the  same  holds  true  as  to  the  passage 


236  INFLAMMATION  AND  INJURIES. 

(diapedeeis)  of  a  red  cell  through  the  wall  of  a  capillary.     SometiuMf 
the  movement  is  slow,  while  at  others  a  few  minates  are  enough  for 
three,  four,  or  more  cells  to  escape  one  after  the  other  at  the  same  ] 
spot ;  and  immediately  thereafter  the  blood  stream,  with  its  corpasdei^  J 
flows  on  normally  past  the  point  where  they  have  escaped.  J 

Significanoe  of  the  Escape  of  the  Lenoooytea — As  Leber  has  demon*  | 
strated,  the  escape  of  the  leucocytes  from  the  vessels  is  not  unregn-  ^ 
lated,  but  they  obey  an  attraction  towards  the  place  of  irritation  simi*  i 
lar  to  that  observed  by  Pfeffer,  O.  Hertwig  and  Engelmann  in  vegetaMefl 
cells  and  bacteria  upon  which  certain  chemical  substances  exert  a  ^ 
peculiar  power  of  attraction  (chemotaxis).     The  substances  which  act 
in  this  manner  on  bacteria  are  the  salts  of  potassium,  peptones,  and 
especially  all  nutritive  substances ;  while  other  substances,  such  as  frei 
acids  and  alkalies  or  alcohol,  have  a  repellent  power  (negative  chemo- 
taxis).    These  facts,  which  Pfeffer  has  demonstrated  experimentallj 
for  the  fungi,  have  a  most  important  bearing  upon  the  subject  of  in- 
flammation.     This  power  to  attract,  or  chemotaxis,  influences  or  evflt 
controls  the  movements  of  the  leucocytes  in  the  tissues  towards  the 
focus  of  inflammation,  also  the  actual  migration  of  the  cells  from  tl» 
vessels  and  later  the  formation  of  new  vessels  at  the  same  point.    The 
leucocytes  are  especially  attracted  by  the  bacteria  and  the  products  of 
their  metabolism,  as  well  as  by  different  chemical  substances,  such  M 
copper,  mercury,  croton  oil,  turpentine  oil,  etc.     According  to  Bloch) 
they  are  attracted  chiefly  by  the  easily  assimilated  albuminous  bodiei 
and  carbohydrates  which  are  closely  allied  to  the  animal  tissues.    Ae* 
cording  to  Buchner,  the  protoplasm  of  bacterial  cells  contains  substaneea' 
which  exert  this  attraction  upon  the  leucocytes,  the  so-called  bacterial 
proteins  which  Nencki  studied  as  early  as  1880  in  certain  kinds  of^ 
bacteria,  from  a  purely  chemical  standpoint.     These  proteins  will  pit^^ 
duce  inflammation  or  suppuration  only  after  they  have  become  eepa-: 
rated  from  the  bacterial  cell,  consequently  only  after  the  latter  has  died: 
or  become  diseased.     Borissow  found  that  chemotaxis  was  much  mcwe 
active  in  young  animals  than  in  full-grown  ones.     He  could  not  det«^ 
mine  that  a  particular  substance  attracted  a  special  variety  of  leucoeyta^^ 
The  assembling  of  cells  at  the  seat  of  inflammation  is  to  be  regardel 
as  essentially  a  protective  measure  taken  by  the  organism  for  the  pin>* 
pose  of  defending  itself  against  external  noxious  influences.     The  let- 
cocytes  serve,  perhaps,  to  eliminate,  to  liquefy,  and  to  separate  thlj 
inflammatory  focus  from  the  healthy  living  tissues  (Leber). 

Increased  Exudation. — Accompanying  the  migration  or  extravaai' 
tion  of  blood-cells  there  is  an  increased  transudation  of  the  liqnii 
elements  which  infiltrate  all  the  surrounding  tissues.     This  increaeea 


§5*.]  INFLAMMATION. 

fiiiuple  disturbance  of  circulation  following  an  irritation  of  the  local 
vasomotor  centres  produces  a  peripheral  stasis  and  an  eiuigratiou  of 
Icucoc^vtes,  But  the  latter  phenomenon  will  only  last  a  brief  time  in 
those  cases  in  which  there  is  no  other  influence  at  work ;  the  vasomotor 
nerves  resume  their  function,  and  the  peripheral  slowing  of  the  cur- 
rent and  tlie  escape  of  the  leucocytes  cease.  If  the  disturbances  in 
innervation  are  more  marked,  and  if  the  emigration  is  allowetl  to  go  on 
for  a  longer  time,  a  secondary  change  in  the  walls  of  the  vessels  takes 
place.  But  in  these  cases  the  disturbance  in  the  innervation  of  the 
vessels  ie  the  primary  event,  and  not  the  alteration  in  their  walls. 
Thus  Recklinghausen  seems  to  be  correct  in  ascribing  to  the  vaso- 
motor nerves,  and  particulaiiy  to  their  terminal  local  centres,  an  im- 
portant part  in  the  inflammatory  process,  and  especially  in  the  emigra- 
tion of  the  leucocytes.  Herpes  zoster  and  other  diseases  resulting 
from  disturbances  in  innervation  go  to  prove  the  truth  of  this  theory. 
Samuel  lias  shown  tliat  the  inflammatory  process  becomes  more  severe 
when  there  is  vasomotor  jwiralysis.  Moreover,  the  emigration  of  leu- 
cocytes is  affecteil  in  both  a  positive  and  negative  way  Viy  the  above- 
mentioned  chemotaxis.  On  the  other  hand,  the  exudation  of  the  fluid 
elements  of  the  blood  during  an  inflammation  can  only  be  explained 
by  a  change  in  the  permeability  of  the  walls  of  the  vessels,  located  in 
either  the  endothelial  cells  or  the  cement  substance  between  them. 

According,  then,  to  our  preseot  knowledge,  we  mnst  look  for  an 
explanation  of  the  phenomena  of  inflammation  (1)  in  vasomotor  changes 
in  the  vessels,  or,  rather,  in  disturbances  within  the  vasomotor  centres  in 
the  walls  of  the  vessels;  (2)  in  an  increased  permeability  of  these  walls; 
(3)  in  the  positive  (attracting)  and  negative  (repelling)  chemotasis  of 
the  inflammatory  focus,  and  finally  (4)  in  the  reactionary  proliferation 
of  the  cells  in  the  inflamed  tissues.  It  is  an  exceedingly  difficult  mat- 
ter to  give  an  exhaustive  and  satisfactory  definition  of  inflammation. 

Othw  Theoriei  of  Inflammation.— Before  Cohuheim.  Recklinghausen,  and 
T)ioi»n  liad  esLiblJHhMl  the  above  explanation  of  inflaiiimatiou,  a  gi-eat  va- 
riety of  tlietiries  had  been  advanced,  the  mnst  important  being  the  iieuro- 
humoml  (Cullen,  Heiilel  and  the  cellular  (Virchow).  According  to  the  for- 
mer, the  nature  of  inflammation  or  the  dislurbnticps  in  the  circulation  are 
exiilained  either  by  the  cuntraction  or  dilatation  of  the  atferent  arteries,  pro- 
duced retlejly  thmuffh  stimulation  of  the  sensory  nerves.  We  ha^ 
that  nervous  inHuences  really  do  play  an  active  part  in  tlie  process  of  influui- 
niation, 

V'irchow's  cellular  theory  of  tnflnnimation  is  based  upon  the  changes  in.  ^ 
the  life  of  the  cells  brought  about  by  the  primarj- causes  of  inflar 
Virehow  regarded  the  cells  of  the  tissues  as  the  essential  eletnsntsil 
inflammatory  process.     As  a  result  of  ttie  inflammatory  irritation  tl 
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ear  has  recovered  from  the  effects  of  croton  oil,  it  gains,  according  to  Samuel^ 
a  kind  of  immunity  as  regards  this  drug — i.  e.,  it  reacts  to  a  subsequent 
application  of  the  oil  much  less  violently  than  an  ear  which  has  not  been  so 
treated. 

The  phenomena  thus  described — viz.,  the  simple  congestive  hype^  • 
aemia,  the  extravasation  of  the  corpuscular  elements  from  the  capilk- 
ries  and  veins,  the  increased  exudation  terminating  in  stasis  and  later 
in  death  of  tissue,  and  also  the  proliferation  of  the  fixed  connective* 
tissue  cells — form  a  group  of  symptoms  which  we  are  accustomed  to 
designate  by  the  name  of  inflammation. 

Cause  of  Inflammation. — Cohnheim  ascribed  the  cause  of  all  diese 
phenomena  and  the  essence  of  inflammation  to  molecular  changes  is 
the  walls  of  the  vessels.  According  to  him,  these  molecular  changes 
increase  the  adhesiveness,  and  consequently  the  friction,  between  the  ^ 
blood  and  the  walls  ;  hence  the  slowing  of  the  stream.  Exactly  wh* 
kind  of  a  change  is  produced  in  the  vessel  walls  in  inflammation  ibhA 
clearly  understood  ;  it  cannot  be  detected  with  the  microscope,  and  ft 
can  only  say  that  the  walls  become  more  pervious,  enough  so  to  occi-J 
sion  the  increase  in  exudation  notwithstanding  the  diminntion  of  thi; 
blood  pressure  which  takes  place  especially  in  the  capillaries.  Wint 
warter  has  shown  that  a  colloid  liquid,  such  as  a  solution  of  glue,  cai 
pass  through  the  inflamed  walls  of  blood-vessels  even  when  the  pree* 
sure  is  subnormal.  A  rupture,  an  interruption  of  continuity  in  the  wall 
of  the  vessel,  permitting  the  escape  of  the  leucocytes  and  of  a  few  red 
corpuscles,  certainly  does  not  take  place.  Likewise,  Arnold's  theoiy 
that  in  inflammation  the  natural  stomata  between  the  endothelial  odi 
become  enlarged  and  that  new  ones  form,  is,  as  Cohnheim  always  mail- 
tained,  incorrect.  Cohnheim's  comparison  of  inflammatory  exndato 
with  filtration  seems  very  appropriate.  Under  normal  conditions  onljf 
a  small  amount  of  a  thin  liquid  can  pass  through  the  filter  of  the  veaeJ 
wall ;  but  when  inflammation  sets  in  the  filter  becomes  coarser  and 
permits  not  only  denser  solutions  to  pass  through,  but  also  formed  eh- 
ments,  the  blood -corpuscles.  The  change  produced  in  the  vessel  wil 
by  inflammation  is,  according  to  Cohnheim,  probably  chemical. 

But  all  the  manifestations  of  inflammation  cannot  be  explained  l|| 
the  condition  of  the  vessel  walls,  which  Cohnheim  thought  was  sufi* 
cient.  The  investigations  recently  made  by  Recklinghausen,  Arnold 
and  others  go  to  show  that  Cohnheira's  theory  needs  certain  limitataoM 
in  view  of  the  fact  that  a  distinction  must  be  made  between  the  exndft 
tion  of  fluid  constituents  of  the  blood  and  the  emigration  of  white  COT 
puscles.  Thoina's  researches  have  shown  that  a  primary  alteration  11 
the  walls  of  the  vessels  is  not  always  the  cause  of  the  emisration.    J 
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I  Bimple  disturbance  of  circulatiou  following  an  irritation  of  tlie  local 

vasomotor  centres  produces  a  periplieral  stasis  and  an  eiuigralion  of  i 

leucocytes.  But  the  lutter  phenouieiioa  will  only  last  a  brief  time  in 
those  cases  in  which  there  is  no  other  influence  at  work ;  the  vasomotor  ' 

nerves  resume  their  function,  and  the  peripheral  slowing  of  the  cur- 
rent and  the  escape  of  the  leucocytes  ceuae.  If  the  disturbances  in  i 
innervatioQ  are  more  marked,  and  if  the  emigration  is  allowed  to  go  on 
for  a  longer  rime,  a  secondary  change  in  the  walls  of  the  vessels  takes 
place.  But  in  these  cases  the  disturbance  in  the  innervation  of  the 
vessels  is  the  primary  event,  and  not  the  alteration  in  their  walls. 
Thus  Recklinghausen  seems  to  be  correct  in  ascribing  to  the  vaso-  I 
motor  nerves,  and  particularly  to  their  terminal  local  centres,  an  im- 
portant part  in  the  inHammatory  process,  and  especially  in  the  emigra- 
tion of  the  leucocytes.  Herpes  zoster  and  other  diseases  resulting 
from  disturbances  in  innervation  go  to  prove  the  truth  of  this  theory. 
Samuel  has  shown  that  the  inflaraniatorj  process  becomes  more  severe 
when  there  is  vasomotor  paralysis.  Moreover,  the  emigration  of  leu- 
cocytes ia  affected  in  both  a  positive  and  negative  way  by  the  above- 
mentioned  chemotaxis.  On  the  other  hand,  the  exudation  of  the  tiuid 
elements  of  the  hlood  during  an  inflammation  can  only  be  explained 
by  a  change  in  the  permeability  of  the  walls  of  the  vessels,  located  in 
either  the  endothelial  cells  or  the  cement  substance  between  them. 

Acconling,  then,  to  our  present  knowle<ige,  we  must  look  for  an 
explanation  of  the  jthenomena  of  iuflauiniation  (1)  in  vasomotor  changes 
in  tlie  vessels,  or,  rather,  in  disturliances  within  the  vasomotor  centres  in 
the  walls  of  the  vessels ;  (2)  in  an  increased  permeability  of  these  walls ; 
(3)  in  the  positive  (attracting)  and  negative  (repelling)  chemotaxis  of 
the  inflammatory  focus,  and  tinallj  (4)  in  the  reactionary  proliferation 
of  the  cells  in  the  inflamed  tissues.  It  is  an  exceedingly  diflicult  mat- 
ter to  give  an  exhaustive  and  satisfactory  definition  of  inflammation. 

I  Other  Theories  of  InflammBtion.— Before  Colmlieim.  Keckliii^hausen.  and 

TlioTiia  IimI  eslHbli!<li(sl  ihc  above  explanation  of  inflummatiou.  a  {rreat  va- 
riety of  theories  had  been  aclvaneed.  the  most  ini]>orlaiit  being  the  neuro- 
huitioral  (Cullen,  Henle)  and  the  cellular  (Virchow),  According  to  the  for- 
mer, the  nature  of  inflamiiiftticin  or  the  disturbances  in  the  circnlatiim  are 
explained  either  by  the  contraction  or  dilatation  of  the  afferent  arteries,  jiro- 
ducod  reflex  I. V  through  stimutatiori  of  the  sensory  nerves.  We  have  sten 
that  nervous  influences  really  do  play  an  active  part  in  the  process  of  inflani- 
ntatinn. 

Virchow's  cellular  theory  of  inflammation  is  based  upon  the  changes  in 
tJie  life  of  the  eclls  brouitht  about  by  the  primary  causes  of  inflammation. 
Vin-liow  retarded  the  cells  of  (he  tissues  as  the  essential  elements  in  the 
inflauiutator}'  process.     As  a  result  of  the  inflammatory  irritation  they  were 
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caused  to  swell  and  proliferate  and  form  pus-corpuscles.  These  altered  cells 
are  supposed  by  Vircliow  to  exercise  a  kitid  of  attractive  power  for  the  con- 
tenta  of  the  vessels,  producing  increased  exudation. 

Satiiuol  thinks  that  iiiAauitnatioii  is  due  to  a  changed  relationship  of  tlie 
blood,  the  walls  of  the  vessels,  and  the  tissues  to  each  other.  Reckliughau- 
sen  agrees  with  him  in  general. 

Landerer  thinks  that  the  inflammatory  changes  in  the  circulation  depend 
upon  a  disturbance  of  the  noi-mal  balance  between  the  blood  pressure  and 
the  tension  of  the  tissues,  caused  by  a  change  in  the  elastic  properties  of  the 
tissues  iind  the  walls  of  the  vessels.  This  change  in  elasticity,  he  is  inclined 
to  believe,  is  the  primary  factor,  though  he  admits  that  the  walls  of  the  ves- 
sels may  become  primarily  diseased. 

No  one  of  these  theories  can  by  itself  explain  the  nature  of  inflammation, 
especially  if  that  theory  is  based  u|>on  only  a  single  inantfestation  of  the  in- 
flammatory process  and  attempts  to  solve  the  problem  from  this  slandftoiiit 
alone.  Consequently,  it  is  evident  why  Cohnheim'a  attempt  to  explain  in- 
flammation by  a  change  in  the  walls  of  the  vessels  is  to-day  reganied  its 
inadeiiuute.  No  value  can  be  attached  to  any  theory  which  does  not  include 
a  correct  explanation  of  the  changes  produced  under  the  stimulus  of  iiitlam- 
matiou  in  both  the  solid  and  fluid  elements  of  the  tissues  (cells,  nerves,  and 
walls  of  the  vessels),  and  does  not  consider  these  in  their  causal  relationship 
to  one  another. 

§  57.  Causes  of  Inflammation. — ^The  causes  of  infiimrn^Hon  are 
very  nnmeroiis.  Any  influence  which  produces  a  change  in  the  walls 
of  the  vessels  in  any  particular  part  of  the  body,  in  the  manner  above 
described,  may  give  rise  to  inflammation.  We  recogniee  principally 
the  following  classes  of  inflammation  which  diflter  in  point  of  et'nbpv : 

1.  IiiflaTiimation  from  mecliaiiical  causes  (every  kind  of  tnui- 
matism). 

3.  Inflammation  following  the  action  of  extremes  of  temperature 
(thermal  inflammation  ;  burning,  freezing). 

3.  Inflammation  due  to  chemical  causes  {toxic  materials  and  bac- 
teria). 

Under  the  heading  of  toxic  inflammations  belong  not  only  those 
which  are  produced  by  the  action  of  some  particular  chemical  such  as 
men'ury,  sulphuric  acid,  etc.,  but  it  includes  all  inflammations  caused 
by  the  absorption  of  chemically  changed,  decomposed,  or  putrid  sub- 
stances of  a  gaseous  or  liquid  nature.  Inflammations  following  the 
stings  of  iuiwets,  such  as  bees,  and  tJiose  from  the  bites  of  serpents,  all 
come  within  the  class  of  toxic  inflammations.  Advancing  a  step  fur- 
ther, we  come  to  the  infectious  inflammations,  or  those  which  are  pro- 
duced by  the  ingress  of  a  low  order  of  organism  or  fungi — for  exam- 
ple, after  au  injury  to  the  tissues  from  some  traumatism. 

Sifaifloance  of  T^t!n-<jt$uasaM.—Miero-org(inisms,  especially  the 
fungi  sehizomycetes  or  bacteria,  are  the  worst  enemies  of  the  surgeon, 
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interfering  with  the  normal  healing  process  of  a  wound  and  causiiijr  the 
secondary  wound  diseiieen.  Hallier,  Pasteur,  Billroth,  Klehs,  Etierth, 
and  jiarticularly  Robert  Koch  and  his  followers,  have  made  great  ad- 
vances in  the  Btudy  of  miero-orgauisms.  The  honour  of  having  eatab- 
li^ed  the  etiology  of  parasitic  infectiouB  diseases  hy  means  of  new 
methods  of  investigation  belongs  chiefly  to  Robert  Koch.  At  the  time 
when  Lister  established  his  antieeptic  and  aseptic  methods  of  oper- 
ating ou  the  principle  that  all  infection  was  due  to  bacteria,  which, 
thongli  not  then  proved,  nevertheleas  seemed  proliable,  surgery  made 
the  greatest  advance  in  its  history.  Every  inflammatory  process  in  a 
wound,  especially  all  suppuration,  is  due  principally  to  the  presence  of 
micro-organisms,  while  the  injury  itself  plays  only  a  subordinate  part. 

CaiuM  of  Acute  Sapporatire  Inflammatioa— Signiflcaiice  of  Bacteria.— The 
investigations  of  Ogslon.  Strauss,  etc..  prove  that  chemical  irritants,  tm  matter 
of  what  kind,  do  not  excit«  suppurative  inflauimation.  but  that  the  latter  can 
only  be  caused  bj  micro-organisms.  These  autliorities  performed  tlieir  ex- 
periments with  the  most  rigid  antiseptic  precautions,  Strauss,  for  enaniple, 
to  prevent  accidental  infection  fi-om  the  wound,  made  an  escliar  over  the 
selected  area  of  skin  with  the  Paquelin,  then  through  this  made  his  incision 
witli  a  red-hot  knife,  and  introduced  the  long  tip  of  a  glass  tube  containing 
the  sterilised  iluid  into  the  subcutaneous  cellular  tissue,  the  upper  end  of  the 
tube  meanwhile  being  closed  with  a  cotton  plug.  The  glass  tip  was  then 
broken  otf  beneath  the  skin,  and  the  fluid  was  forced  out  of  tlie  tube  and 
under  the  skin  by  blowing  with  the  mouth  over  the  cotton  plug.  After  tak- 
ing away  the  tube  the  injured  area  of  skin  was  again  cauterised.  After  the 
introduction  in  this  manner  of  such  chemical  irritanlii  as  sulphuric  acid,  tur- 
pentine, croton  oil,  mercury,  etc.,  only  a  serous,  sero-librinous.  or  Bbrino- 
ditilitberitic  inflammation  resulted,  but  never  acute  suppuration.  If  acute 
suppuration  did  occur,  it  was  always  possible  to  demonstrate  Ilie  presence  of 
micro-organisms.  These  authorities  experimented  on  rabbits,  in  which,  to  be 
sure,  a  suppurative  inflammation  is  seldom  caused  by  chemical  irritation. 

But  it  has  recently  been  proved  tbnt  these  sta  tern  en  U  are  incorrect,  Orth- 
maim.  CirawitK,  and  De  Barry  have  demonstrated  that  sterilised  chemical  sub- 
Klances.  such  as  nitrate  of  silver,  oil  of  turpentine.  liq.ammouii  caustici,  digi- 
losin.  etc.,  can  produce  acute  suppuration  in  the  subcutaneous  tissue  ;  and 
according  to  Scheuerlen  and  Orawltz.  sterilised  cultures  of  various  micro- 
organisms—in other  words,  products  of  bacterial  metabolism,  such  as  putres- 
ciu.  cadaverin.  penthametbylendiamin.etc. — act  in  the  same  way.  A  similar 
conclusion  has  been  reached  by  Krynski.  who  exporiniented  on  dogs  and  rab- 
bits with  the  greatest  care,  partly  by  Strauss'a  and  jiartty  by  Councilman's 
mcthoils,  using  germ-free  (u-septicl  chemical  substances,  the  microbes  which 
cause  suppuration  and  the  productt  of  their  metabolism.  Erynski  asserts,  in 
opposition  to  Strauss  and  others,  but  agreeing  with  Brewing  and  Dubler.  that 
oil  (if  tur|>en line  or  mercury  produces  in  dogs  and  rabbits  a  suppuration  which 
is  fr*4'  from  bacteria,  \  one-t(vfive-per-cent.  solution  of  nitrate  of  silver  ex- 
citen  the  fonuatiun  of  pus  in  dogs,  but  only  an  inflammatory  OKlema  in  rab- 
bits.   Croton  oil.  bromine,  mineral  acids  (hydrochloric. sulphuric,  nitric.and 
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chromic),  organic  acids  (acetic,  carbolic,  lactic,  etc.)  do  not  cause  pus.  In 
dogs  it  is  produced  by  creolin  and  petroleum.  Clean,  mechanically  acting 
agents,  such  as  glass  splinters,  do  not  excite  pus  formation.  The  bacteria  ol 
suppuration  (the  staphylococci  and  streptococci),  according  to  Krynski,  will 
only  excite  the  formation  of  pus  in  tissues  which  have  become  pathologically 
changed,  and  they  will  not  develop  in  healthy  tissues,  but  are  destroyed,  while 
the  Bacillus  pyogenes  fcetidus  will  excite  suppuration  even  in  perfectly 
healthy  tissue.  Krynski  maintains  that  the  Pneuinococcus  Friedlatideri and 
the  Micrococcus  prodigiosus  are  not  pyogenic ;  but  Grawitz  and  De  Barry 
have  established  the  latter's  pyogenic  character  in  the  case  of  dogs,  cats,  rab- 
bits, and  rats.  Sterilised  cultures  of  the  staphylococci  and  streptococci,  or  the 
sterilised  solutions  of  the  products  of  their  metabolism,  will  produce  pas, 
while  sterilised  cultures  of  the  prodigiosus  and  decomposition  extracts  have 
no  such  power.  Although  there  can  be  no  doubt  as  to  the  possibility  of  exdt 
ing  suppuration  in  the  subcutaneous  tissue  of  animals  by  the  experimental 
introduction  of  germ-free  chemical  substances,  yet  it  is  just  as  true  that  sop* 
puration  in  man  under  ordinary  circumstances  is  caused  by  the  presence  aiid 
activity  of  micro-organisms,  usually  of  a  specific  variety — viz.,  pyogenic  cood. 

Immimity  against  Virulent  StaphylocoocL— The  investigations  of  Roox, 
Kronacher,  and  others  are  of  great  interest  as  regards  the  acquirement  of 
immunity  against  virulent  staphylococci.  By  the  inoculation  of  steriliaed 
cultures  of  the  Staphylococcus  pyogenes  aureus  white  mice  can  be  made 
unsusceptible  to  cultures  containing  virulent  cocci. 

Bouchard,  Gley,  and  others  have  shown  that  the  injection  of  the  soluble 
products  of  certain  micro-organisms  such  as  the  Bacillus  pyocyaneus  has  an 
antiphlogistic  effect  from  paralysis  of  the  vasodilator  nerves,  which  preveailt 
dilatation  of  the  vessels  and  emigration  of  the  leucocytes. 

Leber'a  Phlogoain— Buchner'a  Bacterial  Proteia—Leber's  investigatiow 
are  extremely  interesting.  He  showed  that  the  micro-organisms,  in  virtue 
of  the  diffusible  products  of  their  metabolism,  can  excite  an  inflammatoix 
reaction  through  chemotaxis  at  a  distant  part  of  the  body,  and  from  liquiA^ 
containing  staphy^loctxjci  he  isolated  a  crystal lisable  body,  phlogosin,  capafali 
of  producing  intense  inflammatory  and  necrotic  processes.  Buchner  demori 
strated  tliat  the  protoplasmic  contents  of  the  bacterial  cells,  the  so-calkji 
bacterial  protein,  has  a  similar  power  of  exciting  inflammation  and  suppuHM 
tion  when  separated  from  the  bacterial  cells — in  other  words,  when  these  d|| 
or  become  diseased.  Buchner  has  so  far  isolated  this  protein  from  sew 
kinds  of  bacteria,  and  proved  its  pyoofonic  action.  ] 

Inflammatory  Leucocytosia— After  invasion  of  the  blood-vessels  with 
fungi  of  suppuration  there  is  an  increase  in  the  number  of  leucocjrtes  in 
blood  (inflammatory  leucocytosis).  originating  in  the  spleen,  the  1 
glands,  and  bone  marrow.  According  to  Limbeck,  this  is  not  so  much  a 
formation  of  leucocytes  as  a  result  of  the  flushing  out  of  the  above  oi  _ 
This  inflammatory  leucocytosis  has  an  intimate  connection  with  the  ex 
tion  accompanyino:  inflannnati(m,  and  with  the  peptonuria  (Leber,  H< 
meister,  Maixner,  etc.). 

As  to  the  influence  of  miero-orsranisms  upon  the  production  d 
wound  diseases,  etc.,  we  shall  see  later  (§  66)  that  each  separate  wooaii 
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disease  is  caused  by  a  particular  and  clearly  distinguishable  micro- 

oiganism.    A  short  review  of  the  morphology  and  general  significance 

of  these  will  be  found  in  §  59. 
§  58.  Symptomi^  I)iagnosil^   and  Treatment  of  Inflammation. — The 

sjmptoms  of  inflammation — redness,  swelling,  increased  warmth,  and 
pain— are  easily  explained  by  the  disturbances  of  circulation  which 
bare  been  described.  The  redness  and  increased  warmth  are  due  to  the 
distention  of  the  blood-vessels ;  the  swelling  is  likewise  the  result  of 
this,  and  particularly  of  the  exudation.  The  pain  is  caused  by  the 
pressure  of  the  over-filled  vessels  and  of  the  exuded  fluid  upon  the 
mosoTY  nerves.  A  fifth  symptom  is  the  disturbance  of  function,  and 
IB  produced  by  the  change  in  the  circulation  and  the  pressure  of  the 
exuded  fluid  upon  the  motor  nerves,  and  upon  those  governing  secre- 
tion, or  upon  the  cells  themselves.  The  separate  symptoms  naturally 
wy  considerably  in  intensity,  depending  upon  the  severity  of  the 
inflammation,  and  particularly  upon  its  location. 

The  pain  in  inflammation  depends  upon  the  richness  of  the  sensory 
nwre  supply  in  the  inflamed  part,  and  upon  the  amount  of  the  exu- 
date, or  rather  of  the  pressure  which  the  exudate  produces  on  the  sen- 
aorjr  nerves.  Furthermore,  the  amount  of  expansion  that  the  inflamed 
part  is  capable  of  is  an  important  factor.  For  all  these  reasons,  an 
iente  inflammation  located  under  the  fascia,  or  in  the  tips  of  the  fin- 
gers, under  the  nails,  is  particularly  painful,  while  one  involving  mu- 
cous membrane  is  much  less  so. 

The  increased  warmth  is  the  result  of  an  increased  amount  of  blood. 
Ai  Cohnheim  has  shown,  nearly  double  the  normal  amount  of  blood 
flows  through  a  dog's  paw  when  inflamed.  There  is  an  increased 
mount  of  warmth  brought  to  the  part,  but  the  diminished  rapidity  of 
Ae  current  causes  an  increajse  in  the  loss  of  heat  by  radiation.  There 
haa  been  an  erroneous  belief  that  the  inflammatory  focus  was  in  itself 
piodnctive  of  heat,  and  that  llie  temperature  at  this  point  was  higher 
thin  the  general  body  temperature.  But  ordinarily  it  is  certain  that 
Ae  temperature  of  the  inflamed  spot  never  exceeds  that  of  the  blood, 
nd  generally  is  not  as  high.  Hunter's  law  still  holds  true  to  this  day 
—viz.,  that  the  local  temperature  of  an  inflamed  part  cannot  rise  above 
ftit  at  the  source  of  the  circulation,  the  heart.  The  redness  is  usually 
lependent  upon  the  richness  in  blood  supply  of  the  inflamed  tissue. 
Hie  swelling  or  inflammatory  tumefaction  resulting  from  the  exuda- 
ion  which  takes  place  varies,  of  course,  with  the  anatomical  structure 
f  the  inflamed  region.  In  general,  the  exudation  takes  place  in  the 
ame  way,  but  it  may  manifest  it^f  in  many  different  ways,  depend- 
}g  upon  whether  it  occurs  in  firm  tissues  like  bone  or  cartilage,  or 
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ill  wide-meshed  connective  tissue,  or  in  a  glandular  organ,  or  in  a  caT" 
itj,  such  as  the  pleural  cavity.  The  inflammatory  exadate  accumnktei 
where  it  finds  the  least  resistance. 

As  regards  the  location  of  the  iuflammation,  we  distingoish  between 
a  superficial  and  a  deep  or  parenchymatous  inflammation  in  the  interioi 
of  an  organ.  To  the  superficial  inflammations  belong  those  situated  in 
the  superficial  portions  of  the  body,  in  the  mucous  membranes,  or  the 
surfaces  of  the  great  serous  cavities.  In  a  superficial  inflammatiou  the 
inflammatory  exudate  appears  su])erficially,  and  forms  an  exudate  in 
the  narrow  sense,  while  in  a  parenchymatous  inflammation  the  exudate 
is  spread  out  in  the  tissue  in  question  in  the  form  of  a  so-called  infiltn- 
tion.  For  distinguishing  the  location  of  the  parenchymatous  inflam- 
mations more  exactly — as,  for  example,  those  which  occur  in  the 
glands  or  muscles — a  distinction  is  made  between  a  parenchymatoni 
inflammation  in  its  narrow  sense  and  an  interstitial  inflammatioD,  a& 
cording  as  the  inflammatory  process  affects  more  the  gland  cells,  sndi 
as  those  making  up  the  parenchyma  of  the  liver,  or  the  connective- 
tissue  stroma. 

The  Varying  Conatitntion  of  the  Inflammatory  Bxndate. — The  com- 
position of  the  exudate  is  of  the  greatest  importance  in  determining  the 
character  of  the  inflammation.  If  the  latter  belongs  to  the  lower  gradei 
of  the  process,  or  if,  in  other  words,  there  is  but  a  slight  change  in  the 
walls  of  the  vessels,  the  exudate  is  serous — that  is,  there  is  only  a  small 
amount  of  albumen  and  formed  elements  (blood -corpuscles)  contained 
in  it.  On  the  other  hand,  we  speak  of  a  fibrinous  or  croupous  inflam- 
mation when  the  exudate  is  rich  in  spontaneously  coagulating  albamea 
— i.  e.,  in  white  blood-corpuscles.  In  a  fibrinous  inflammation  the  dis- 
eased part,  such  as,  for  instance,  the  serous  membrane  or  the  innei 
surface  of  a  joint  capsule,  becomes  covered  with  a  more  or  less  thid 
layer  of  soft  fibrin,  which  gives  it  sometimes  a  smooth  and  eometimei 
a  shaggy  appearance.  The  microscopic  examination  of  such  a  fibrin- 
ous pseudo-membrane  reveals  the  presence  of  an  immense  number  ol 
white  blood-corpuscles  scattered  among  threads  of  fibrin  and  graniik] 
matter.  This  same  croupous  or  fibrinous  covering  is  found  on  the  sop 
faces  of  mucous  membranes.  According  to  Neumann,  Orawitz,  anc 
others,  the  fibrinous  covering  on  the  surface  of  serous  membranes  is  tb 
result  of  a  fibrinoid  degeneration  of  the  connective  tissue,  but  Zi^e 
and  others  regard  it  as  the  fibrin  formed  in  the  exudate.  In  tubercola 
inflammation  there  is  a  marked  hyaline  degeneration  of  the  connectiv 
tissue.  Between  the  two  main  types  of  serous  and  fibrinous  inflammi 
tions  there  arc,  of  course,  a  number  of  intermediate  forms  which  ai 
designated  as  sero-fibrinous  exudates. 
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SapporatiTe  Bxndate. — The  third  kind  of  exudate  is  the  suppura- 
tive or  purulent,  consisting  of  a  thick,  milky,  or  cream-like,  non-eoagu- 
laUe  fluid,  generally  without  odour,  and  briefly  designated  by  the  name 
of  png.  Microscopically,  this  is  a  colourless  fluid  containing  a  vast  quan- 
titjr  of  cells,  "  pus  cells,"  and  a  few  red  blood-corpuscles.  According 
to  Grawitz,  the  suppurative  inflammation  is  only  a  more  advanced 
grade  of  inflammation,  while  Weigert,  on  the  other  hand,  maintains 
that  it  represents  qualitatively  a  particular  kind.  Strieker  and  Reck- 
linghausen think  that  suppuration  is  not  exclusively  a  melting-down 
process  of  the  tissues  without  coagulation,  produced  by  means  of 
emigrated  leucocytes,  but  rather  that  a  proliferation  of  the  fixed 
connective-tissue  elements  also  ^lays  an  important  part.  There  is 
ihrays  an  enlargement  and  multiplication  of  the  fixed  connective- 
tbsue  cells  in  the  vicinity  of  the  suppurative  focus.  By  the  pro- 
liferation of  the  fixed  cells  a  large  number  of  young  cells  are  formed 
which  correspond  in  appearance  to  the  mononuclear  white  blood- 
corpuscles. 

Pus  is  a  product  composed  of  emigrated  leucocytes  and  the  varied 
offspring  of  the  connective-tissue  cells.  Every  suppurative  inflamma- 
tion is  to  be  considered  as  a  severe  inflammation,  and,  as  we  have  indi- 
cated, it  is  in  the  main  of  an  infectious  nature — that  is,  it  is  the  result 
of  an  infection  by  bacteria.  But  we  have  seen  that  sometimes  even 
gemi-free  chemical  substances  may  produce  suppuration  (Grawitz,  De 
Barry,  Krynski,  etc.). 

Between  the  extreme  types  of  purulent  and  fibrinous  inflammation 
there  are  also  many  intermediate  gradations  of  the  process  which  are 
bown  as  fibrino-purulent  inflammations.  If  the  suppurative  process 
is  sharply  defined  in  the  tissues,  there  results  what  is  called  an  abscess; 
bat  if  the  process  is  more  diffuse,  it  is  spoken  of  as  suppurative  infil- 
tration. An  abscess — i.  e.,a  cavity  filled  with  pus — results  from  a  sup- 
purative infiltration  which  liquefies  and  dissolves  the  affected  tissues. 
A  loss  of  substance  in  the  superficial  portions  of  the  body,  accom- 
panied by  the  formation  of  pus  and  breaking  down  of  the  granulation 
tiflrae,  constitutes  an  ulcer.  A  collection  of  pus  in  a  cavity  is  called  a 
porulent  effusion,  while  a  purulent  secretion  from  a  mucous  membrane 
is  callefl  a  purulent  catarrh. 

HflBmorrbagio  Exudate.— The  fourth  kind  of  exudate  is  the  hsemor- 
•imgic — 1.  e.,  the  serous,  fibrinous,  or  purulent  exudate  contains  such 
m  amount  of  red  blood-corpuscles  that  it  becomes  red  in  colour.  The 
ksemorrhagic  exudate  is  a  symptom  of  serious  alterations  in  the  walls 
»f  the  capillaries,  such  as  takes  place  in  certain  constitutional  diseases, 
r  as  a  result  of  a  systemic  infection  through  bacteria. 
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Ichorous  Exudate. — The  decomposed,  foul-Binelling  exudate  accom- 
panying putrefaction  is  designated  as  ichorous  or  putrid.     It  has  a     j 
grey  or  greyish -green,  brown,  or  dirty  yellow  colour. 

Croupous  or  Diphtheritic  Inflammation. — The  so-called  croupous  or 
diphtheritic  inflammation,  or  the  croupous  or  diphtheritic  exudate,  is 
the  result  of  the  combination  of  an  inflammatory  process  with  another     ' 
of  a  different  nature.     Croupous  inflammation  of  a  mucous  membrane    "^ 
is  characterised   by  the  formation  of  a  skin-like,  fibrinous  exudate    ^ 
(croupous  membrane)  clinging  to  its  surface  and  taking  the  place  of    i 
the  original  epithelial  covering  which  has  perished.     This  croapoos     - 
membrane  consists  of  a  network  of  fibrin  fibres  containing  leucocytes 
and  the  remains  of  the  epithelium.*  In  diphtheria  the  death  of  dssne 
extends  deeper,  and  the  process  is  a  combination  of  necrosis  and  fibrin- 
ous inflammation.     The  affected  portion  of  the  mucous  membrane  la 
changed  into  a  peculiar  greyish- white,  tough  mass,  which  comes  away 
in  membrane-like  layers  (diphtheritic  pseudo-membrane),  and  produces 
corresponding  losses  of  substance  (diphtheritic  ulcers).      The  tifisuea 
destroyed  by  the  inflammatory  process  coagulate  in  flaky  or  stringr 
mast^es,  which  signifies  serious  structural  changes  involving  the  blood- 
vessels and  surrounding  tissue,  with  here  and  there  stasis  and  throm- 
bosis.    Oohnheim  and  Weigert  have  given  to  this  form  of  localised 
tissue  death  the  name  of  coagulation  necrosis  (Neumann's  fibrinoid 
degeneration).     Weigert's  investigations  show  that  coagulation  necro- 
sis is  a  death  by  coagulation  of  the  tissue  or  cells  in  a  necrotic  area     ' 
through  which  a  small  amount  of  lymph  flows.     The  lymph,  with  ita 
fibrinogen,  penetrates  the  cells  and  coagulates  with  the  fibrino-pla^ 
within  tlie  cells.     Coagulation  necrosis  is  a  frequent  accompaniment  • 
of  iiirtaniinatory  processes,  of  embolic  infarcts,  and  of  the  so-called 
waxy  degeneration  of  muscles. 

Extension  of  an  Inflammation.— The  inflammatory  process  spreads 
by  iutiltration  of  the  connective-tissue  spaces,  the  muscular  sheatlis,an4 
the  vascular  channels  with  the  inflammatory  exudate— in  other  worda, 
from  a  circumscribed  spot  of  suppuration  (abscess)  there  may  develop 
a  sprciiding  cellulitis.  The  inflammation  also  spreads  through  tba 
lymph  spaces,  the  main  lymi>hatics,  and  the  blood-vessels.  When  the 
exciting  cause  of  the  inflammation  gets  into  the  circulatory  system, 
the  original  local  disturbance  becomes  a  general  systemic  dis^  in- 
volving the  whole  organism.  The  poison— so  to  designate  briefly  the 
noxious  element— i)asse6  through  the  lymph  channels  to  the  nearert 
lymphatic  glands,  exciting  there  also  inflammation,  and  finally  sap-  f 
puration.  These  (liscase<l  glands  then  become  a  fresh  sourceof  in-  ' 
flainination,  which  in  this  manner  sprea<ls  farther  and  farther  through  ■ 
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the  body  and  progressively  affects  more  of  its  organs.  Such  a  meta- 
static inflammatory  and  suppurative  process  will  be  again  referred  to 
under  the  heading  of  pyaemia,  by  which  we  mean  a  poisoning  of  the 
blood  by  the  microbes  of  suppuration  and  the  products  of  their  meta- 
bolism. By  the  spreading  of  the  micro-organisms  and  the  products  of 
their  metabolism  throughout  the  circulation,  and  the  production  of  cir- 
cumscribed foci  of  inflammation  in  different  organs,  a  general  systemic 
infection  accompanied  by  fever  results  (see  §  62,  Fever).  We  shall 
leara  later  how  prominently  the  fungi  are  concerned  in  the  extension 
of  the  inflammation  and  in  the  occurrence  of  the  systemic  infection. 
Clinical  observations  and  experiments  on  animals  seem  to  show  that 
local  metastatic  foci  of  suppuration  are  particularly  liable  to  occur 
when  there  exists  a  general  weakness  or  impairment  of  vitality  of  the 
whole  organism  (Rinne).  The  soil  for  the  lodgment  of  the  micro- 
organisms is  made  ready  for  them  in  advance  by  the  products  of  their 
metabolism  which  get  into  the  circulating  blood. 

Duration  of  an  Inflammation. — According  as  the  inflammation  lasts 
a  shorter  or  longer  time  it  is  spoken  of  as  acute  or  chronic.  The 
manifestations  of  an  acute  inflammation  have  been  sufficiently  de- 
scribed above.  The  acute  inflammation  often  becomes  a  chronic  one, 
or  the  latter  begins  from  the  first  as  such.  The  transition  or  inter- 
mediate types  between  an  acute  and  chronic  inflanjmation  are  known 
as  6nl>acute  inflammations.  Tubercular  and  syi>hilitic  inflammations 
are  the  most  important  forms  of  the  chronic  class.  The  true  type  of 
chronic  inflammation  is  the  productive  or  adhesive  inflaumiation,  which 
leads  to  new  formation  of  tissue,  to  adhesions  and  thickenings  of  every 
(iescription,  depending  upon  the  anatomical  structure  of  the  affected 
orj^an,  such  as  a  joint,  bone,  periosteum,  or  connective  tissue.  We  shall 
de8cril)c  in  their  proper  place  the  special  symptoms  of  inflammations 
involving  the  different  organs. 

Origin  of  the  Pus-corpnacles. — The  so-called  pus-corpuscles  which  are 
found  in  the  inflamniatorj'  effusion  are  made  up,  in  part  at  least,  of  the  white 
blood-corpuscles  which  have  wandered  out  from  the  interior  of  the  vessels. 
Whether  all  the  pus-corpuscles  are  emigrated  blo<Kl-cells,  or  whether  ])us- 
cells  may  ori^nate  otherwise — as,  for  instance,  from  the  fixed  tissue  eel  Is— or 
whether  pus-cells  may  multiply  by  fission  or  division,  are  all  questions  to 
fhich  various  answers  have  been  given.  Some  have  consider<?d  it  inipos- 
ible  that  the  enormous  number  of  pus-cori)uscles  found  in  a  large  inflant- 
natory  process,  like  a  phlegmon  or  a  large  granulatinp  wound,  should  all 
e  derived  from  the  blood.  Cohnheira  was  right  in  directing  attention  to 
le  fact  that  the  veins  and  capillaries  contain  comparatively  large  nmnbers 
f  white  blood-corpuscles,  and  that  the  number  of  these  white  cells  is  much 
icreased  during  inflammatory  diseases  The  white  blood -corpuscles  which 
>  to  form  pus-cells  are  constantly  replaced  by  an  increased  activity  of  the 
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spleen  and  lymphatic  glands.  Bottcher,  Strieker  and  his  followers,  Reck- 
linghausen, Grawitz,  and  others  differ  from  Cohuheim  in  his  view  that  the 
blood  is  the  sole  source  of  the  pus-cells,  and  aliirm  that  the  latter  ori^natd 
also  from  the  fixed  tissue  cells.  These  authors  believe  that  the  cellular  ele- 
ments of  pus  consist  partly  of  emigrated  leucocytes  and  partly  of  the  off- 
spring of  the  fixed  connective-tissue  cells.  Grawitz  affirms  that  the  stroma 
or  fibrous  portion  of  the  tissues  takes  on  a  cellular  change  and  becomes  a 
third  source  of  the  pus-corpuscles.  Eecklinghausen  has  demonstrated  that 
pus-cells,  if  kept  in  a  warm  and  moist  medium  while  being  examined,  will 
change  their  form  and  go  through  the  same  amoeboid  movements  as  the 
white  blood-cells. 

Huinber  of  Pus-cellB  in  Pua— Chelchowski  determined  the  number  of  pus- 
corpuscles  by  means  of  Mallassey-Verick's  apparatus  in  twenty  different 
cases  of  suppuration.  For  diluting  the  pus,  he  employed  a  weak  solution  of 
common  salt  or  Toison's  fluid  (methyl violet).  The  number  of  pus-ceUs  in 
one  cubic  millimetre  of  pus,  according  to  Chelchowski,  varied  between  four 
hundred  thousand  and  one  million  six  hundred  thousand.  The  exudate  con- 
tained from  ten  to  fifteen  times  more  leucocytes  than  the  transudate.*  The 
suppurative  character  of  a  fluid,  drawn  off  by  aspiration,  can  only  be  recog*- 
nised  macroscopically  when  it  contains  at  least  from  forty  to  sixty  thousand 
pus-cells  to  the  cubic  millimetre,  and  consequently  it  is  very  possible  for  a 
comparatively  large  amount  of  pus  to  be  present  in  a  fluid  without  its  beinp 
noticed. 

Composition  of  Pus. — Pus  consists  of  the  above-mentioned  cellular  ele- 
ments, which  are  called  pus-corpuscles,  and,  in  addition,  of  pus  serum.  If 
pus  is  allowed  Ui  stand  for  a  time  in  a  test  tube,  it  separates  into  two  layers^ 
the  upper  bright  yellow  layer  being  the  pus  serum,  and  the  lower  forming  a 
thick  deposit  made  up  principally  of  pus-corpuscles.  The  pus  serum  cor- 
responds to  the  plasma  of  the  blood  which  is  its  source,  but  often  differs 
from  it  chemically  very  materially.  There  are  ten  to  sixteen  per  cent  of 
solid  elements  in  pus,  and  five  to  six  per  cent  of  ash.  The  gases  consist  of 
nitrogen  and  carbonic  acid ;  ordinarily  there  is  no  oxygen  or  hydrogen. 
There  is  generally  a  somewhat  greater  amount  of  sodium  and  potassium  than 
in  bl(KKl  serum.  The  albuminous  substances  in  pus  consist  chiefly  of  para- 
globulin,  albuminate  of  potassium,  serum  albumen,  myosin,  leucin,  and 
ty rosin.  The  formed  constituents,  in  addition  to  the  pus-corpuscles,  include 
micro-organisms,  and  often  red  blood-cells,  fibrin,  fat  droplets,  fat  and 
cholesterin  crystals,  particles  of  necrotic  tissue,  etc.  Sterilised  pus  serum 
has  nearly  tlie  same  toxic  action  as  the  sterili.sed  products  of  the  Staphylo- 
coccus aureus  and  albus  (page  328)  ;  repeated  injections  give  rise  to  chronic 
marasmus  (Nasinoki).  Pus  which  contains  fungi  usually  does  not  coagulate, 
although  large  numbers  of  leucocytes  may  be  present  This  is  due  to  the 
fact  that  thei'e  is  no  fibrinogen  in  the  ])us,  or  rather  that  the  micro-organisma 
chanjre  the  fibrinogen  in  the  exuded  ]>]asma  into  peptone. 

Growth  of  Bacteria  in  Germ-free  Pus.— According  to  Eichel,  germ-free 
pus  contains  a  substance  wliicli  is  deleterious  for  many  kinds  of  bacteria. and 
small  (luantities  of  the  A^taphifloroccus  pyogenes  aureus  and  the  antlirax 
bacillus  will  perish  after  about  five  days,  but  the  streptococci  are  not  harmed. 

♦  III  I  lie  .soii^'  of  ti  I)a^^^ive  etTiisiun,  as  in  cardiac  dropsy. 
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^  the  addition  of  putrefactive  bacteria  or  the  products  of  their  metabolism 
this  deleterious  property  is  increased.  The  reaction  of  pus  which  has  recently 
been  taken  from  the  body  is  alkaline,  but  it  becomes  acid  after  long  exposure 
to  the  air. 

Qdonred  Pa& — Green  or  blue  pus  is  sometimes  found  instead  of  the  usual 
cmmy,  more  or  less  yellow-coloured  variety.  This  discolouration  is  usually 
boQgbt  about  by  the  presence  of  the  bacillus  pyocyaneus  (see  pages  330, 331). 
CGrube  and  Ferchmin  have  seen  fourteen  cases  of  bright  red  pus.  The 
dnnabar  colour  is  due  to  a  specific  bacillus  (see  page  331).  Orange-coloured. 
pQs  occurs  as  the  result  of  the  admixture  with  crystals  of  haematoidin. 

Outcome  of  an  Inflammation. — In  consideriDg  the  outcome  of  an  in- 
inamation,  the  secondary  conditions  that  follow  must  be  distinguished 
fnm  the  purely  local  processes  at  the  seat  of  the  inflammation.  As 
Rgards  the  system  at  large,  the  main  purpose  of  inflammation  is  to  do 
iway  with  the  causes  which  give  rise  to  the  inflammation,  accomplish- 
ing this  by  increased  metabolism,  rapidity  of  circulation,  and  transuda- 
tkm.  The  processes  which  take  place  in  an  inflammation  combat  its 
anges  in  an  efficient  way,  and  try  to  make  reparation  for  the  damaging 
ieets  that  it  produces  (Leber,  Arnold).  In  many  cases  the  inflam ma- 
ion  is  not  capable  of  removing  the  causation  of  the  disease.  Death 
Bay  occur  at  any  stage  of  the  inflammation,  but  especially  when  the 
nflammatory  process  is  at  its  height,  as  a  result  of  a  general  systemic 
infection  with  fever,  due  to  the  primary  local  inflammation.  We  shall 
lam  in  §  62  about  the  significance  of  fever  and  its  dangers  for  the 
nrpnism.  From  a  prognostic  standpoint,  the  location  of  the  inflam- 
Bition  is  of  the  greatest  importance.  A  subcutaneous  abscess  is  by 
10  means  as  dangerous  to  life  as  a  very  minute  collection  of  pus  in  the 
Vmesof  the  skull,  the  meninges,  or  in  the  brain,  the  medulla  oblongata, 
«tc  The  age  and  constitution  of  the  patient  are  likewise  important 
Actors. 

If  we  take  a  purely  local  view  of  the  outcome  of  an  inflammation, 
Ike  worst  that  can  occur  is  gangrene  or  necrosis — i.  e.,  death  of  the 
libeterl  tissues.  In  its  various  gradations  this  is  a  very  frequent  result 
of  an  inflammation,  and  is  due  either  to  complete  stasis  in  the  vessels, 
fcUowed  by  coagulation  of  the  blood  which  they  contain,  or  to  pres- 
■re  of  the  exudate  on  the  surrounding  tissue.  Furthermore,  in  a 
bealised  death  of  tissue,  constitutional  conditions,  such  as  diabetes  or 
H  age,  play  a  very  important  part.  We  shall  return  to  the  discussion 
f  localised  death  of  tissue  (gangrene,  necrosis,  or  mortification)  in  an- 
Jier  chapter.  It  will  only  be  stated  now,  that  in  general  the  extent 
^  the  inflammatory  necrosis  varies  greatly,  depending  upon  the  inten- 
:y  and  extent  of  the  inflammation.  We  shall  see  that  the  influence 
micro-organisms,  such  as  single  groups  of  bacteria,  is  a  prominent 
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factor  in  the  production  of  gangrene.  Tbe  capability  on  ilia  part 
of  the  tissnes,  and  especially  of  the  vessels,  of  withstanding  gangrene 
varies  greatly  with  the  portion  of  the  IkkIj  which  is  affected  and  with 
the  individual.  The  most  favourable  outcome  of  an  inilainraation  is  a 
complete  restitutio  ad  integruirir — a  perfect  restoration  to  the  original 
condition — whicli  of  course  is  most  frequently  observed  after  an  inflam- 
mation of  a  mild  type  in  which  the  exudate  has  lieeu  scanty  ami  chiefly 
serous.  The  disappearance  of  the  phenomena  of  inflammation  begins 
as  soon  aa  the  circulating  blood  has  restored  the  walls  of  the  blood- 
vessels to  their  normal  condition,  and  when  this  has  taken  place  the 
exudation  ceases.  The  fluid  poition  of  the  exudate  is  absorbed  by  the 
lymph  vessels,  likewise  the  white  blood -corpuscles  and  fibrin,  after  they 
have  in  part  undergone  a  fatty  degeneration.  The  red  blood-cells  lose 
tlieir  colouring  matter,  and  gradually  liecome  disintegrated.  The  fixed 
tissue  cells  which  have  been  damaged  by  the  inflammatory  irritation 
rewiver  after  the  restoration  of  their  normal  nutrition,  and  by  degrees 
a  complete  restitution  takes  place.  Sometimes,  however,  after  absorp- 
tion of  the  fluid  the  formed  or  solid  elements  of  the  exudate  remain 
behind  as  a  light  yellow,  caseous  mass,  which,  by  a  reactive  inflamma- 
tion, becomes  encapsulated  as  a  cheesy  nodule,  like  a  foreign  liody. 
Under  such  conditions  complete  absorption  often  does  not  occur,  and 
finally  a  deposition  of  salts  of  lime  takes  place,  forming  a  firm,  calcare- 
ous concretion. 

If  the  inflammatory  process  is  more  severe,  and  if  there  is  localised 
death  of  tissue,  the  absorption  of  the  exudate  and  the  necrotic  soft 
parts  takes  place  in  a  similar  manner — i.  e.,  by  absorption  of  the  fluid 
and  fatty  emulsion  of  the  solid  elements.  Small  portions  and  granules 
of  tissue,  in  case  they  are  not  taken  up  by  the  lymph  channels,  are 
seized  by  the  cells  which  have  wandered  out  of  the  vessels,  and  which 
in  this  way  become  granular  cells.  If.  as  the  result  of  an  inflammation, 
a  portion  of  bone  has  become  necrotic,  the  dejid  piece  of  bone  or 
sequestrum  is  separated  from  the  living  bone  by  a  suppurating  line  of 
demarcation  (see  §  Io6).  The  pus  formed  during  an  inflammatory  pro- 
cess near  the  surface  of  the  body  may  break  through  spontaneously,  or 
be  removed  artificially  by  operative  measures,  such  as  incision,  etc. 

Thei-e  is  the  danger  in  all  infectious  inflammations,  or  those  cases 
of  suppuration  which  are  due  to  micro-organisms,  that  the  inflamma- 
tion may  become  the  starting-point  for  a  general  infection.  There- 
fore, whenever  it  is  possible,  operative  measures  should  lie  undertaken 
at  an  early  period  to  provide  a  way  of  escape  for  the  exudate,  for 
otherwise  the  inflammation  and  suppuration  may  spread,  resulting  in 
an  extensive  infiltration  or  phlegmon,  which  may  break  through  into 
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an  important  organ,  such  as  a  joint,  the  cranial  cavity,  abdominal  cav- 
ity, etc.  Moreover,  the  micro-organisms  that  cause  the  inflammation 
ire  scattered  about  by  the  lymph-  and  blood-vessels.  It  must  always 
be  borne  in  mind  that  products  are  constantly  being  formed  in  an 
mfeetious  inflammation  which  are  capable  of  producing  further  inflam- 
mation in  the  surrounding  parts  and  in  widely  separated  organs.  The 
bacteria,  and  the  products  of  metabolism  and  decomposition  which 
they  cause,  are  here  again  the  causes  of  the  secondary  inflammatory 
processes.  As  a  result,  then,  of  infectious  inflammations,  bacteria  may 
be  deposited  in  large  numbers  in  different  internal  organs,  causing  sec- 
ondarv  so-called  metastatic  abscesses. 

Sear  Formation.— If  a  defect  or  loss  of  substance  results  from  a 
wvere  inflammation  with  necrosis,  this  is  remedied  to  a  greater  or  less 
extent  by  a  new  production  of  connective  tissue,  which  is  then  called 
cicatricial  tissue.  Scar  formation  is  to  be  looked  upon  as  an  inflam- 
matory process  which  is  productive  in  character.  A  germinal  or  granu- 
lation tissue,  as  it  is  called,  develops,  consisting  only  of  round  cells 
with  a  very  small  amount  of  intercellular  substance ;  this  granulation 
dggue  then  gradually  changes  into  fibrous  connective  tissue,  which 
makes  up  the  cicatrix.  I  used  to  believe,  as  Cohnheim  did,  that  the 
oew-formed  connective  tissue,  the  granulation  and  cicatricial  tissue,  was 
fhiefly  derived  from  the  emigrated  leucocytes,  which  increase  in  size 
jrhen  the  new  blood-vessels  developed  among  them  and  became  large, 
irr^lar-shaped  cells  (fibroblasts).  But  some  recent  investigations 
bave  ma^le  me  conclude  that  the  leucocytes  at  the  inflammatory  focus 
ire  unfit  for  making  new  connective  tissue  and  healing  up  the  wound, 
ind  I  am  now  convinced  that  they  gradually  disappear,  partly  by  wan- 
lering  into  the  lymphatic  vessels  and  being  carried  off  in  the  lymph 
wrrent,  and  partly  by  wandering  into  other  localities  and  disintegrat- 
ing and  l>eing  taken  up  by  the  fixed  cells  of  the  part  (Baumgarten, 
Zahn,  Marchand,  etc.).  Ziegler  has  also  expressed  the  same  view. 
The  newly  formed  connective  tissue,  therefore,  is  in  reality  produced 
by  a  growth  of  the  fixed  connective-tissue  cells  (Baumgarten,  Marchand, 
?te.).  Marchand  has  proposed  to  designate  the  leucocytes  originating 
from  the  blood  and  lymphatics  as  exudation  cells,  in  contradistinction 
0  the  granulation  or  true  formative  cells  which  are  derived  from  the 
idsoes.  The  formative  cells  get  their  nourishment  from  the  protoplasm 
f  the  leucocytes,  as  I  have  mentioned  above.  Sherrington,  Ballance, 
'battuck,  and  others  maintain  that  the  plasma  cells  are  the  ones  chiefly 
^ncemed  in  the  formation  of  cicatricial  tissue  (see  also  §  61). 

Segeneration  of  the  Tisanes. — Simultaneously  with  the  formation  of 
le  granulation  or  cicatricial  tissue  there  is  a  proliferation  of  the  fixed 
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(specific)  cells  in  the  neighbourhood  for  the  purpose  of  restoring  the 
cells  that  make  up  the  particular  structure.  Epithelium  gives  ri^e  to 
epithelium  ;  muscle  eel  Is  form  muscular  fibres,  though  in  a  verj  liDiited 
amount ;  periosteal  and  medullary  cells  make  bone,  etc.  The  power  of 
regeneration  possessed  by  the  different  tissues  varies  very  greatly,  m 
we  shall  see.  The  skinning  over  or  covering  of  a  loss  of  substance  in 
the  skin  with  epidermis  is  brought  about  by  the  cells  of  the  rete  Mal- 
pighii  and  sebaceous  glands.  Reference  is  made  to  §  61  for  the 
description  of  the  various  phenomena  in  scar  formation  and  regenera- 
tion in  the  different  tissues  (microscopic  phenomena  in  the  healing  of 
a  wound),  and  to  §§  87  and  88  (Injuries  of  Soft  Parts).  For  the  pro- 
cess of  healing  of  fractures  see  §  101. 

The  Healing  of  a  Foreign  Body  into  a  Wound.— If  the  inflammation  k 
caused  by  the  entrance  into  the  tissues  of  a  solid  foreign  body,  the  latter  may 
completely  heal  into  the  tissues,  as  we  shall  often  have  the  opportunity  of 
observing ;  and  this  will  occur  the  more  readily  the  more  free  the  body  m 
from  dirt,  dust,  bacteria,  products  of  decomposition,  etc.  We  know  that  silk 
sutui*es,  silver  wire,  bullets,  etc.,  heal  up  in  a  wound  in  this  way  without  giT- 
ing  rise  to  any  reaction.  Foreign  bodies  which  have  thus  become  enclosed 
often  change  their  locution  later  on,  and  in  their  wanderings  may  make 
their  appearance  beneath  the  skin  in  another  portion  of  the  body.  Lai^ge^ 
soft  foreign  bodies  are  completely  absorbed  in  the  way  described  above.  I 
implanted,  under  antiseptic  precautions,  large  fresh  pieces  of  liver,  spleen, 
hnig,  and  even  entire  kidneys  of  rabbits,  in  the  peritoneal  cavities  of  other 
rabbits,  and  found  that  they  became  absorbed  without  producing  peritonitii. 
I  also  used  similar  specimens  which  had  been  hardened  in  absolute  alcohoL 
and  with  the  same  results.  The  portions  of  tissue  were  invaded  by  vast 
numbei's  of  wandering  cells  and  slowly  liquefied. 

Hallwachs,  Rosenberger,  Salzer,  and  others  have  recently  studied  the  sulh- 
ject  of  the  encapsulation  of  foreign  bodies,  and  Salzer  says  that  those  which 
are  smooth  and  solid  become  enclosed  in  a  delicate  connective-tissue  capsul«w 
while  tlie  porous,  fibrous,  rough  foreign  Ixxlies  are  most  apt  to  heal  intoth» 
scar  tissue  with  the  formation  of  very  thick  layers  of  connective  tissue. 

Diagnosis  of  Inflammation. — In  the  diagnosis  of  inflammation — Le^ 
of  the  four  above-described  cardinal  symptoms,  redness,  swelling,  heat, 
and  pain — we  make  special  use  of  inspection  and  palpation  of  tto 
affected  part  in  case  it  can  be  seen  and  touched.  If  the  inflammatioia 
is  located  on  the  outer  surface  of  the  body  the  diagnosis  is  simple,  but 
it  is  more  difficult  if  the  inflammation  is  situated  more  deeply.  Bj 
palpation  of  the  inflamed  tissues  we  attempt  to  determine  whether  the 
inflaummtory  focus  contains  pus — i.  e.,  whether  it  "fluctuates  "  or  not 
Every  fluid,  and  consequently  pus  or  serum,  contained  in  a  canity  hav- 
ing yielding,  elastic  walls  will  give  fluctuation  or  a  wave  movement 
when  the  fluid  in  this  cavity  is  set  in  motion  by  intermittent  pressure 
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with  the  index  or  middle  finger.  The  detection  of  fluctuation  is  of 
tbe  greatest  practical  importance.  If  the  pus  is  contained  within  firm, 
unyielding  walls,  such  as  bone,  or  in  deeply  situated  tissue  with  thick- 
«ied  rigid  walls,  fluctuation  cannot  be  made  out.  Furthermore,  it 
miut  not  be  confused  with  the  pseudo-fluctuation  manifested  upon  pal- 
pation of  soft  elastic  parts ;  but  a  little  experience  will  soon  teach  the 
dktinetion  between  the  fluctuation  of  an  elastic  cavity  filled  with  fluid 
80(1  the  pseudo-fluctuation  of  soft  elastic  tissues  such  as  the  muscles  of 
the  thenar  eminence,  soft  fatty  tumours,  etc.  Puncture  with  an  aspi- 
rating syringe  is  an  exceedingly  useful  diagnostic  measure  for  de- 
termining the  nature  of  the  contents  of  an  inflammatory  focus  (see 
page  74). 

We  also  employ  the  sense  of  hearing  in  the  diagnosis  of  an  inflam- 
mation by  noting,  for  example,  whether  any  friction  sound  is  produced 
by  the  rubbing  together  of  two  opposed  inflamed  surfaces.  Hueter 
hag  constructed  instruments  analogous  to  the  stethoscope  used  in  the 
diagnosifi  of  diseases  of  the  thoracic  \nscera ;  they  are  a  dermatophon, 
in  osteophon,  and  a  myophon,  for  the  diagnosis  of  surgical  diseases  of 
the  skin,  lx)nes,  and  muscles  respectively,  and  they  consist  of  an  elastic 
tube  fitted  to  an  ear-piece.  We  shall  refer  to  this  apparatus  in  diseases 
of  Ijone,  but  it  may  be  said  here  that  hitherto  it  has  not  been  brought 
bto  general  use. 

The  febrile  disturbance  accompanying  an  inflammation  is  deter- 
mined by  accurate  measurement  of  the  body  heat  by  means  of  a  ther- 
mometer placed  in  the  axilla,  or,  better,  in  the  rectum  (see  §  62, 
Feven. 

Among  other  aids  to  diagnosis  I  should  mention  the  probe,  which 
Bused  to  ascertain  the  direction  and  length  of  a  fistulous  tract,  or  the 
presence  of  a  foreign  body.  There  are  also  instruments  designed  for 
special  organs,  such  aa  the  urethra,  bladder,  stomach,  etc.,  and  a  great 
number  of  contrivances  for  inspection  of  the  nose,  larynx,  bladder, 
eye,  etc. 

These  general  remarks  will  be  suflicient  until  we  return  to  the  diag- 
nosis of  inflammations  of  the  separate  parts  of  the  body. 

Treatment  of  Inflammation. — At  present  we  can  only  deal  briefly 
irith  the  treatment  of  inflammation,  as  we  shall  have  to  come  back 
to  the  subject  in  detail  for  each  separate  part  of  the  body.  From  a 
)rophylactic  standpoint  it  is  best  to  treat  every  injury,  no  matter  how 
rifling  it  may  l>e,  on  antiseptic  principles,  after  the  manner  described 
1  a  former  chapter.  In  general,  the  treatment  of  an  acute  inflamnia- 
on  consists  in  the  use  of  suitable  antiphlogistic  measures,  particularly 
ic  proper  position  of  the  inflamed  part,  such  as  elevation  in  the  case 
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of  an  extremity,  in  the  application  of  ice,  and  in  the  prompt  evacnadoa 
of  the  pus  or  infiltrating  exudate  by  incision. 

Blood-letting  by  leeches,  cupping,  and  scarification  used  to  be  mneh 
in  vogue  for  diminishing  the  amount  of  blood  contained  in  an  inflamed 
portion  of  the  body,  but  now  this  practice  has  very  properly  been  given 
up.  The  counter-irritation  method  of  treatment  by  cutaneous  irritanti^ 
such  as  the  raoxa,  issue,  red-hot  iron,  painting  with  tincture  of  iodine^ 
and  the  application  of  vesicants,  is  also  old-fashioned.  It  would  in- 
quire too  much  space  to  give  the  outlines  of  treatment  for  inflamma- 
tion according  to  the  location  and  causes  of  the  latter,  and  it  can  be 
done  more  satisfactorily  in  the  discussion  of  the  treatment  of  inflam- 
mations of  the  separate  organs.  The  treatment  of  the  general  febrile 
disturbance  due  to  inflammation  will  be  considered  in  the  treatment  of 
fever  (§  62). 

§  59.  Morphology  and  (General  Signiflcanoe  of  Micro-organismi. — By 
micrO'OrganiHins  or  imcrobes  is  understood  a  class  of  minute  living 
organisms  which  belong  to  the  lowest  forms  of  plant  life  or  stand  on 
the  border  line  between  plants  and  animals.  The  majority  of  the  mi- 
cro-organisms have  a  diameter  of  only  about  one  micromillimetre  or 
less.  They  multiply  with  extreme  rapidity,  and  are  able  to  live  in 
widely  differing  degrees  of  temperature,  some  in  acid  and  others  in 
alkaline  solutions  of  simple  compounds  (with  the  exception  of  carbon 
dioxide),  as  well  as  of  more  complex  nourishing  substances. 

The  micro-organisms  play  a  very  important  part  in  the  economy  of 
nature.  They  excite  fermentation  and  decomposition,  and  are  parasiiai 
in  living  plants,  animals,  and  man,  causing  in  some  cases  disease  and 
death.  By  fermentation  and  decomposition  the  micro-organisms  dia- 
integrate  considerable  amounts  of  organic  material  in  a  short  period  of 
time  with  the  evolution  of  gas.  The  change  of  sugar  into  lactic  add 
(sour  milk),  the  lactic  into  butyric  acid,  and  alcohol  into  acetic  add, 
are  all  processes  of  fermentation  caused  by  micro-organisms.  We  make 
use  of  micro-organisms  in  the  preparation  of  many  alimentary  sub- 
stances, such  as  bread,  cheese,  beer,  wine,  etc.,  while  on  the  other  hand, 
as  a  result  of  the  fermentative  and  putrefactive  action  of  these  low 
orders  of  organisms,  our  food  may  be  rendered  unfit  to  eat. 

Micro-organisms  also  produce  poisonous  matters  (ptomaines,  tox- 
ines)  which  are  dangerous  to  the  health  and  life  of  man.  Numerooft 
acute  and  chronic  inflammations,  particularly  the  surgical  diseases  of 
wounds,  are  due  to  the  presence  of  micro-organisms. 

Evidence  of  the  Bacterial  Origin  of  many  Infections  Diseaaesi  espediDy 
the  Diseases  of  Wounds. — Under  normal  conditions  we  find  no  micro-orgaih 
isms  in  the  blood  and  internal  organs  of  healthy  human  beings  and  animals; 
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is  has  been  proved  beyond  a  doubt  by  Meissuer  and  many  other  investi- 
ilors.  On  the  other  hand,  we  observe  in  the  various  infectious  diseases, 
anicularly  the  surgical-wound  diseases,  certain  micro-organisms  in  the 
lood  and  internal  organs,  and  we  know  that  every  infectious  disease  is  due 
oaome  specific,  plainly  distinguished  class  of  micro-organism.  These  gain 
leoesB  to  the  body  from  without  by  means  of  the  inspired  air,  the  food,  water, 
or  by  contact  with  the  surface  of  the  body,  especially  if  there  is  an  iuterrup- 
tkjQ  of  continuity  in  the  skin  or  mucous  membranes.  The  striking  results 
obtained  by  antisepsis  and  the  aseptic  method  of  operating  and  treating 
wounds  demonstrate  that  the  infectious- wound  diseases  are  caused  by  the 
entraDce  of  micro-organisms  into  the  wound  from  without.  If  we  perform 
an  operation,  taking  every  precaution  not  to  introduce  microbes  by  our 
bands  or  instruments,  or  from  the  patient's  own  skin,  into  the  wound,  or, 
briefly,  if  we  operate  aseptically,  as  we  have  learned  in  a  previous  chapter, 
with  everything  germ-free  and  sterile,  and  then  dress  the  wound  with  germ- 
free  (sterilised)  materials,  such  a  wound  will  invariably  heal  without  inflam- 
oution  and  suppuration  per  primam  intentionem,  or,  in  other  woinis,  by 
inunediate  agglutination  pf  its  borders,  and  without  giving  rise  to  fever.  If 
there  is  a  transgression  of  the  rules  of  asepsis  or  antisepsis  in  performing  an 
operation  or  treating  a  wound,  and  if  micro-organisms  get  into  the  wound, 
inflammation  and  suppuration  and  other  wound  diseases,  accompanied  by  a 
xrresponding  febrile  disturbance,  will  result.  If  an  infected  wound  is  treat- 
id  with  disinfecting  substances,  such  as  bichloride  (1  to  1,000-5,000)  or  three- 
[leM^nt  carbolic  solutions,  the  micro-organisms  are  prevented  from  further 
ieyelopment  and  the  existing  inflammation  or  suppuration  is  modified  or 
ibecked.  provided  it  has  not  already  become  too  far  advanced  and  no  general 
mitemic  poisoning  has  taken  place.  A  further  proof  of  the  microbic  origin 
a  the  infectious  diseases  is  furnished  by  the  successful  results  of  transmis- 
iioQ  from  animal  to  animal.  Cultures  of  a  particular  kind  of  bacteria  which 
hid  caused  a  certain  infectious  disease,  were  introduced  into  the  body  of  an 
initnal  and  here  produced  the  same  disease,  and  the  same  kind  of  bacteria 
eoold  be  isolated  from  the  diseased  tissues.  The  micro-organisms  damage  the 
bnman  organism  in  a  double  manner — viz.,  by  the  formation  of  the  poison- 
(NB  products  of  their  metabolism,  and  by  multiplying  very  rapidly  and  invad- 
bg  new  portions  of  tissue. 


The  Different  Kinde  of  Mioro-organifms. — We  recognise  four  large 
daflfles  of  micro-organisms :  I.  The  fungi  or  moulds.  II.  The  sprout- 
ing or  yeast  fungi  (saccharomycetes,  blastomycetes).  III.  The  fission 
fungi,  bacteria  (schizomycetes).     IV.  Myeetozoa  and  protozoa. 

L  Fungi — Moulds  form  the  well-known  green,  yellow,  whitish,  or  black 
kinlike  covering  found  upon  all  sorts  of  dead  organic  substances.  They 
sually  consist  of  two  functionally  distinct  parts,  the  mj'celiuni  and  the  ger- 
iiual  Lypha  or  zygospore.  The  mycelium  consists  of  branching,  usually 
snted  threads,  which  anastomose  with  one  another  and  proliferate  in  the 
itrient  substrata.  The  zygospores  spring  from  the  mycelium  and  produce 
td  carry  on  their  ends  the  seeds  or  spores  (Figs.  248  to  251).  Tlie  latter  are 
und  or  elongated  cells  generally  having  a  dense  enveloping  membrane, 
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and  aft^r  sei>iirati(in  from  the  zygospore  are  capable  of  formiuf;  another  fon- 
gaa  with  it^  zyfjfosjiore.  The  spores  can  retain  their  vitality  iu  a  dry  state 
for  from  two  to  ten  years.  Numerous  species  of  fungi  ore  distinj^ished  bj 
the  nmniier  in  whic)i  the  spores  form  upon  the  zygospores.  Occasioually  tlw 
spores  undergo  aegmeiitation  by  transverse  division  of  the  termiual  cells  it 
the  exlreniity  of  the  zyg<is]»ure  (conidia).  Iu  other  fungi  the  tenninal  cell 
develops  into  the  so^alled  sporaugium  or  ascus,  iu  the  interior  of  which  tiie 
spores  form  by  division  of  the  plasma  (ascospores).  In  still  othen  two  zygo- 
apor<.<s  f^vw  one  within  the  other,  and  the  so^alled  oospores  develop  at  tin 
point  of  junction  of  the  two  spore  carriers.  Tlie  same  fungus  will  o 
ally  form  itit  spores  in  several  ditTerent  ways,  depending  upon  the  o 
in  which  it  exists  (conidia  and  ascospores). 

Conditioiu  Suitable  for  the  Lift  of  the  FongL— The  fungi  are  found  upon 
every  description  of  dead  substance,  and  upon  substancee  which  GonlaiD  m. 
relatively  small  amount  of  water  and  have  an  acid  reaction,  thus  differing 
from  the  bacteria.  For  making  pure  cultures  of  fungi,  the  best  materials 
are  boilinl  potatoes,  brtuid  pulp,  and  gelatine,  or  the  agar  mixture  rendmA 
acid  by  the  addition  of  two  to  five  per  cent,  of,  tartaric  acid,  to  prevent 
bacteria  from  taking  root  along  witli  tlie  fuugi.  The  temperature  is  u 
important  mutter,  some  species  thriving  best  at  -|- 15°  C.  (59°  F.},  and  an- 
other at  +  W  C.  (10-1°  F.).  The  spores  will  only  form  when  there  is  plenty 
of  air.  oxygen  being  essential,  and  consequently  most  of  the  fungi  iriU 
not  multiply  in  the  inttjrior  of  animal  tissues  nor  in  blood :  they  ordinaiilj' 
exist  only  upon  such  portions  of  the  body  as  are  freely  exposed  to  the  atoMi- 
pheric  air. 

PenicUliiua.— Tlie  commonest  fungus  is  the  PenicilliHtn  glaueum  (Fi( 
216).     It  grows  in  distilled  water  and  many  kinds  of  medicine,  best  at  a  tem- 


iwratuii'  of  from  IT."  to  211°  0.  {.W  to  68°  F.),  while  at  38'  C.  (101°  F.)  il 
pradiiiilly  dies.  The  mycelium  has  n  flocculent,  white  appearance,  turning 
gi-een  (ifti-r  the  fonnrttion  of  the  s)k>K!s.  The  latter  do  not  grow  when  intr» 
dtice<l  into  wai'm-lilo<i(U'il  aiiiiiiuls  by  inji-ction  into  the  blood  or  by  inhale 
tion,  and  they  may  remain  for  weeks  in  the  liver  and  spleen. 
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Oidimn. — There  are  numeroiia  species  of  the  oidiuni  which  flourish  partly 
m  a  (lead  substratum  and  partly  (like  mildew)  upon  living  plants.  They 
<  re^larly  present  upon  sour  niilk.  Mycelium  and  spores  are  white. 
ey  thrive  best  at  a  temperature  between  19°  to  30°  C.  (50°  to  86°  F.).    They 


m.m.—lfiitiir  raamom.  «  ITS.  Qrowtl 
oa  DuiM  r7e  bread.  Tbe  onUr  unule  of 
Ibt  (ponui^uiii  hu  baen  broken  bj  pn»- 
nn  i^Dil  the  oover-glans,  ind  iporea  >re 


nut  partly  of  cylindrical  bodies  lying  together  and  forming  an  angle  with 
eh  other,  and  partly  of  long  branching  and  segmented  threads.  Many  of 
eeells  contain  small  and  large  round  bodies  (Fig.  249).  Fungi  of  the  oidi- 
D  clan  are  found  in  favus,  pityriasis  versicolor,  and  herpes  tonsurans. 

WmiH*  — Tho  monilia  is  distinguished  from  tlie  oidium  by  ita  zygospore, 
tiich  takes  a  bushy-shaped,  branching  form  as  it  springs  from  the  myce- 
UD.  Cultures  of  monilia  conidia  if  inoculated  into  the  skin  of  the  dove's 
■ck  will  cause  thrush  (see  also  page  260). 

HoMir. — There  are  many  species  of  mucor,  some  of  which  thrive  best  at 
tamporature  of  ST  C.  (98.6°  F.).  and  cause  death  in  rabbits  when  their 
era  aie  injected  into  the  blood-vessels  in  large  amounts.  There  are  then 
md  in  the  internal  organs,  particularly  the  kidney,  a  great  number  of 
nail  fungi  which  do  not  fructify.  They  are  chiefly  found  in  man,  in  the 
tenal  auditory  meatus.    The  spores  are  developed  in  sporangia  (Fig.  250). 

AifirgiTli. — They  generally  germinal*  like  the  conidia,  less  frequently 
irmg  aaooMporos.    The  Aspergillus  glaucus  is  greeuish  yellow,  is  harmless 

regards  warm-blooded  animals,  and  is  generally  found  in  damp  walls, 
CKrved  fruits,  etc.  Tbe  Aspergillus  fumigatus,  /iaiescetts.  and  atibfuscua 
e  pathogenic,  and  the  most  favourable  temperature  for  their  growth  is  about 
'  C.  (98.6°  F.).  The  injection  of  large  numbers  of  the  spores  wilt  kill  rab- 
«.  numerous  foci  of  the  fungus  being  found  in  the  heart,  liver,  and  kid- 
n.  Spores  of  Aspergillus  fumigatiis  exist  chiefly  in  the  air-passages  of 
da.  In  man,  colonies  of  this  species  of  ast>ergillus  have  been  observed  in 
'  bronchi,  lungs,  external  auditory  meatus,  upon  the  cornea,  in  the  facial 
ities.  etc. 
Fuhological  LuporttilM  of  the  Fungi  for  Man.— The  i>athulogical  bear- 

of  tbe  fungi  upon  man,  as  ascertained  by  experimental  and  clinical 
18 
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observations,  is  briefly  as  follows :  It  is  well  known  that  the  Fungi  occasion- 
ally find  lodgment  in  the  epithelium  of  the  skin  and  mucous  membranes, 
and  in  the  former  situation  give  rise  to  f a vus,  herpes  tonsurans,  pityriasis 
versicolor  and  other  skin  diseases,  and  in  the  latter  to  thrush.  Later  investi- 
gations have  led  most  authorities  to  believe  that  the  exciting  cause  of  thrush 
is  B  yeast  fungus  (see  pages  259  and  3S0  and  Fig.  253).  Zenker  found  in  the 
brain  of  a  cliild  affected  with  thrush  multiple  abscesses  with  sprouting  spores 
of  the  thrush  fungus  in  their  centres.  The  question  as  to  whether  fungi  can 
grow  in  t!ie  living  tissues  of  warm-blooded  animals  has  been  answered  in 
the  affirmative  by  both  Grohe  and  Grawitz.  This  is  particularly  true  if  the 
fungi  have  first  become  adapted  by  "accommodative  cultivation''  to  the 
heterogeneous  conditions  of  alkaline  blood  at  a  temperature  of  39°  C.  (Gra- 
witz). Further  experiments  made  by  Koch  and  others  have  demonstrated 
that  there  are  pathogenic  fungi  which  are  cajiable  of  developmejit  in  the 
tissues  of  warm-blooded  animals  without  having  undergone  any  previous 
particular  kind  of  cultivation,  while  the  non -pathogenic  fungi  never  possess 
this  powereven  though  they  have  first  been  subjected  to  cultivation.  The  non- 
pathogenic fungi  include  the  Penicfllium  glancum,  the  Aspergillus  glati- 
CUB  and  niger,  the  Mucor  mucedo,  and  stolonifer.  The  species  which  are 
certainly  pathogenic  include :  1.  The  Asperffillus  fumigatun  (Fig.  251).  dis- 
tinguished from  the  Aspergillus  glaucua  by  its  very  small  size  and  that  of  its 
spores,  its  dirty  green  colour,  the  manner  of  its  growth,  its  poor  development 
at  ordinary  temperatures,  and  the  very  rapid  growth  manifested  in  tempera- 
tures equal  to  blood  heat.  The  Aspergillus  fumigatuB  is  present  in  bread, 
and  is  readily  cultivated  on  dough  kept  at  a  temperature  of  39°  to  40°  C.  (102.2° 
to  104°  F,).  as  a  dark-green  fungous  covering.  2.  The  Aspergillus  flavemceiia 
is  similar  to  the  Aspergillus  fumigatus,  and  is  characterised  by  its  yellowish- 
green  colour,  3,  The  Mucor  rhizopodiformis  is  distinguished  from  the  non- 
pathogenic mucor  {Rhizopus)  by  the  greyish-brown  colour  of  its  mycelium, 
the  large  size  of  its  individual  parts,  its  small,  round,  colourless  siwres.  and 
by  the  egg-shaped  columella  dilated  at  its  top.  i  The  Mucor  corymbifer  is 
known  by  the  snow-white  colour  of  its  mycelium  and  its  characteristic  form. 
Internal  fungous  diseases  arising  S]>ontaneously  in.  for  instance,  the 
lungs  and  intestinal  tract,  are  seldom  seen  in  man,  as  the  pathogenic  fungi 
(of  the  aspergillus  and  mucor  varieties)  will  only  thrive  at  a  high  tempera- 
lure,  and  consequently  are  not  very  plentiful  in  the  air.  water,  or  alimentary 
substances.  Furthermore,  the  fungi  are  only  pathogenic  when  they  exist  in 
great  numbers,  while  the  system  is  capable  of  overcoming  a  few  of  them 
without  itself  suffering  harm  ((jrawil?,),  and  their  increase  by  means  of 
spores  does  not  lake  place  in  living  tissue.  Fungous  diseases  are  most  easily 
oxcitedby  intravenous  injection  of  the  organisms.  Lichtheim's  mucor  in- 
jections proved  fatal  in  rabbits  in  every  case,  while  dogs  were  not  affected 
at  all.  Horse,  Kaufmanu,  and  Schuls  caused  animals  to  inhale  and  swallow 
large  amounts  of  pathogenic  fungi  without  producing  any  ill  effect ;  Licht- 
beim  noted  only  a  scanty  and  stunt«d  vegetation  in  the  lungs  after  inhalation. 
In  man  there  is  occasionallyobserved  a  pneumomycosis  aspergillina  (Asper- 
gillus fumigatus)  and  a  pneumoni.vcosis  mucorina,  secondary  to  already 
existing  pulmonary  disease.  Thei-e  is  also  a  keratomycosis  aspergillina.  a 
corneal  lesion,  and  an  aspergillus  mycosis  of  the  facial  cavities  and  the  ex- 
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nwl  anditorj  meatus  (oto-  or  myriugo-mycosisaspergillina),  produced  by  the 
iper^7/us  fumigatus,  Jtavescens,  and  nigrescena.  According  to  CHPter, 
M  Mftdura  foot,  a  disease  like  elephantiasis,  endemic  in  India,  and  charac- 
med  by  the  formation  of  warty  lumps,  suppurating  in  their  interior  and 
mninatingin  death  after  about  a  year,  is  caused  by  a  fungus,  the  Chionyphe 
Oirteri,  related  to  the  Mucor  atoUmifer ;  but  other  investigators  have  dis- 
fUed  this.  As  a  general  thing,  man  may  be  said  to  be  immune  to  the  patlio- 
poic  fungi  hitherto  identitled:  but  under  conditioaa  not  yet  understood 
Ibm  fungi  may  take  on  a  fatal  activity,  as  exemplified  by  the  above-meu- 
Ikned  case  of  Zenker's,  and  a  recently  described  and  interesting  case  of  Pal- 
hnt  in  which  a  man  died  in  coma  after  what  appeared  to  be  au  enteritis 
nd  peritonitis.  In  the  brain,  lungs,  and  intestine  were  found  inflammatory 
Ido,  or  abscesses,  containing  mycelia  of  the  mucor  variety  {Mucor  corymbi- 
fa%  It  is  by  no  means  impossible  that  still  other  new  forms  of  fungous  dis- 
■M  may  be  found  to  have  their  exiBtence  in  man.  All  the  facts  which  are 
known  as  regards  the  pathogenic  fungi  are  of  great  surgical  interest  The 
tug)  play  a  very  important  part  in  the  production  of  diseases  in  plants  and 
knr  orders  of  animal  life,  such  as  the  grape  disease,  the  potato  disease,  the 
'rat"  of  grain,  the  muscardine  disease  of  silkworms,  and  various  diseases  in 
iMets.etc. 

n.  The  Yeait  Fungi  (Blaatomycetes}.— The  yeast  fungi  (Fig.  Zb2)  are 
IBdnd,  oval  cells  of  different  sizes,  varying  from  two  to  fifteen  micromillime- 
In  in  diameter,  having  a  thin  enveloping  membrane  and  granular  proto- 
ihan,  in  which  there  are  frequently 
waoles  (Fig.  2B2).  They  multiply 
if  budding  or  putting  forth  daugh- 
to  cells,  which  finally  become  sepa- 
aM  from  the  mother  cells  by  a  par- 
tttoD,  and  either  femain  in  contact 
-lith  their  parent  cell  for  a  consider- 
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u  of  the  l>r){er  cells. 


pUe  time,  forming  more  or  less  long  chains,  or  they  become  entirely  sejm- 
Mtd.  Many,  though  not  all,  of  the  yeast  fungi  produce  in  solutions  of  sugar 
Hofaolic  fermentation,  changing  grape  sugar  into  carbonic  acid  and  alcohol. 
At  true  yeast  fungi  which  cause  fennentation  (saccharomycetes)  must  be 
btinguisfaed  from  the  other  fungi  of  the  same  class.  The  mycelia  of  the 
Iffieal  mould  fungus — for  instance,  the  ijiucor  species — can  form  chains  and 
■d  cause  alcoholic  fermentation  in  a  solution  of  sugar.  Macroscopically  the 
«ut  plant  forms  a  white  cloudy  sediment  in  a  fermenting  fluid,  or  a  white 
nun  over  the  surface  of  alcoholic  fluids  which  are  spoiling.     In  solid  nutri- 


live  media  (gelatine)  llie  yeaal  fungus  makes  spores  by  developing  free  cells 
within  the  enlarged  motber  cell  (asooapores).  Beer-wort  atid  decoctions  of 
malt  or  prunes,  to  which  sugar  is  afterwards  added,  form  the  best  culture 
media,  but  lliey  must  be  mixed  with  oue  per  ceul.  of  tartaric  acid  to  keep 
uut  the  bacteria. 

The  pathological  interest  of  the  yeast  fungi  is  limited  ;  they  occasionally 
give  rise  to  fermeutation  in  the  stomach.  Most  authorities  hold  that  thrush, 
a  common  iullauimatiou  of  the  mucous  membrane  of  the  mouth  ami  throat 
is  caused  by  a  yeast  fungus  (Sacchai-omi/cee  albicans,  see  Fig,  253) ;  other 
authorities  have  considered  this  a  mould  fuugus.  A  disease  occurring  late 
in  the  autumn  is  caused  by  a  yeast  fungus  (Empusa  muscae).  More  serious 
diseases  have  of  late  been  fouud  to  be  due  to  certain  yeast  fungi.  Busae 
described  a  fatal  infectioo  in  a  man  of  thirty-one,  caused  by  a  yeast  fungus. 
which  ran  a  course  similar  to  a  chrouic  pyuimia.  At  first  an  abscess  devel- 
oped in  the  left  tibia,  then  ulcers  In  the  skin  of  the  face,  and  further  diseased 
foci  in  the  right  ulna  and  the  sixth  rib  on  the  left  side.  Death  occurred 
thirteen  months  from  the  beginning  of  the  disease.  The  autopsy  showed 
extensive  destructive  changes  in  both  kidneys,  both  lungs,  and  spleen,  and 
small  nodules  on  the  pleura  resembling  tubercles.  All  the  foci  contained  a 
white  yeast  fungus  in  great  amounts ;  it  was  present  within  the  cells.  Pure 
cultures  of  the  fungus  cells  jiroved  to  be  pathogenic  for  dogs  and  mice.  The 
latter  died  in  from  four  to  ten  days  after  subcutaneous  injections  of  fluid 
cultures.  This  disease,  described  by 
; ,  'i  •  '**V*       "\     "^    ^^  Busse,  reseml 

••;■•;••       "ift4»        "0    '--^    /  chwely.     Bus 

*■*•*  V"'  ^^,     y-'  servations  reganling  the  pathogenic 

"  ''  ,.  nature  of  mould  fungi  in  man.    Ac- 

cording to  him.  the  fungi  are  situated 
1  part  in  the  superficial  epithelium 
of  the  skin  and  mueous  membrane, 
aud  give  rise  here  to  ulcers,  catarrhal 
inHammation,  etc..  and  in  part  pene- 
trate into  the  interior  of  the  animal 
and  human  Ijody,  causing  either  a 
variety  of  se]}ticEemia  or  only  local 
chauges  in  the  tissues.  It  is  possible 
that  in  the  future  many  of  the  dis- 
eases of  the  skin,  mucous  membranes, 
and  serous  surfaces  will  be  found  to  be  due  to  the  yea.st  fungi.  MafTucci  and 
Sirleo  have  also  come  to  the  conclusion  that  there  are  pathogenic  and  yeast 
fungi  which  under  cerUin  conditions  may  give  rise  U>  septicfemia.  suppura- 
tion, or  chronic  inflammatory  new-formations  of  the  type  of  tlie  granulation 
tumours. 

III.  The  Bfurteria  (SMzomi/ceie^).— The  bacteria  (from  to  ^aieri^piov, 
a  small  rod,  from  the  rod  shape  which  many  of  tbem  liave)  are  very 
small,  simple  cells  of  a  low  order  of  vegetahle  life  related  to  the  lower 
orders  of  algre.  They  are  divided  into  several  distinct  classes,  accord- 
ing to  their  shape  and  the  effecta  which  they  produce.     Nevertheless 
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inder  altered  conditions  in  their  life  the  bacteria  of  one  claae  change 

iisar  shape  and  function  to  a  greater  or  less  degree.     There  are  chiefly 

to  be  distinguished :   1.  The  mi- 

•      ■   ■  -^    '  erococci.     2.  The  bacilli.    3.  The 

^^      %%     •*  "..  spirilla. 


i^l 


a,** 
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hi.  255.— Tubercle  buiUU  ITom  tlie  apntuni 
of  ■  ihiny-ei|[>it- year-old  phthisicml  pa- 

fUsa  ind  suined  wicli  fuelis'inand  Diethf- 


Yio.  256.— Blood  fVom  a  mouse  vith  anthrax, 
dried  otk  the  cover-aU^  and  atAined  with 
methyl  violet    Ke J  blood-corpufcles  and 


anthrax  bacilli. 


1.  T/ie  Spherical  Bacterium  [Micrococcus  or  Coccus). — The  micro- 
Mei  are  small,  ronnd,  or  oval  cells,  which  by  division  or  fission  always 
|rodace  in  torn  the  same  round  cells.  The  micrococci  exist  either  as 
idated  spherules  (Fig.  254,  a),  or  they  remain  in  pairs  after  dividing 
(diplococcus,  Fig.  254,  b),  or  the  spherules  cling  together  in  chains 
fttreptococcus,  Fig.  254,  c).  In 
idter  instances  they  form  ir- 
^jolar  groups  (staphylococ- 
m.  Fig.  "254,  d,  e).  laxg/s 
^ps  or  colonies  bound  to- 
|ether  by  some  sticky  mate- 
fil  such  as  mucus  are  called 
•ogloa.  Sometimes  the  mi- 
iDcocci  develop  in  groups  of 
Rir  fmerismopiedia.  merista, 
5g.  254.  g),  or  they  are  joined 
■Itetber  in  cubes  (sarcina,  Fig. 
tt  /).  The  sarcina  is  found 
bthe  stomach  of  man,  as  Sar- 
iaa  ventrietiU,  when  fermen- 
Ition  is  present. 

2.  R,id-sha}>^-d  Bacteria  {the  Bacillus).— In  all  bacilli  the  longi- 
idioal  diameter  exceeds  the   transverse,  and  their  size   varies  very 

bcstly  (Figs.  255,  256,  257).     The  bacilli  divide  transversely,  and,  like 


Anthrax   thread*  from   the 

Culture  in  bouillon  at  'H'  <J 
Ihreaiis  made  up  of  single  bai: 
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the  cocci  or  the  streptococci,  tliey  form  longer  or  shorter  tlireads  bv 
remaining  attached  to  one  another  after  dirision  (leptothrix).  Tliese 
threads,  in  contrast  to  the  mould  fungi,  never  lieooine  l>ranched,  though 
several  threads  lying  next  each  other  may  give 
the  appearance  of  branches.  Particularly  the 
anthrax  haeiili  (Fig.  257)  and 
the  bacilli  of  malignant  (ede- 
ma have  the  form  of  long 
lireads.  Many  bacilli 
an  enlargement  at  their  cen- 
tre or  end,  and  such  spindle- 
eliaped  or  tad  pole- formed  rods 
are  known  as  clastridia. 
3.  Ths  Spiral-shaped  Eod  Bacillus  {S/nrHlum). — The  spirilla 
(Fig,  258)  have  the  appearance  of  spirally  twisted  threads  or  fragments 
of  eork-Bcrews.  The  bacterium  which  has  the  twist  but  slightly 
marked  is  known  as  a  vibrio  (Fig.  259). 

Under  each  of  the  separate  classes  of  bacteria  there  are  many  varie- 
ties and  species  which  are  of  great  importance  from  a  diagnostic  stand- 
point. Thus  there  arc  small  or  large,  oval  or  lancet-shaped  cocci,  also 
slender  and  hroa^l  bacilli,  etc.  Within  one  species  differences  occur 
depending  upon  the  conditions  of  nourishment  or  age. 

The  Btmcture  and  Beprodnotion  of  Bacteria.  — The  bacteria,  like  other 
vegetable  cells,  consist  of  an  iimer  portion  surrounded  by  an  envelop- 
ing membrane.    Their  interior  is  made 
up  of   albuminoid  matter,  fats,  salts, 
-         i;  ,  f.  and  water,  while  the  enveloping  mem- 

Q         brane    is    probably   allied   to   one   of 
\     ^    '     "    ■.  ■    the  cellulose  bodies  belonging  to  the 

"  '  i,  -'^      _  hydrocarbon  compounds.     C.  Frankel 

and  others  consider  it  doubtful  whether 
or  not  a  nucleus  exists  within  the  pro- 
toplasmic contents  of  these  cells. 

The  bacteria  are  often  surrounded 
by  a  gelatinous  enveloping  substance, 
which  facilitates  the  formation  of  the 
al>ove-mentioned  bands.  It  can  in 
some  cases  be  made  visible  by  the  usual 
staining  materials,  but  in  others  a  special  treatment  is  necessary  with 
iodine. 

Uovementa  of  Bacterio.^ — Many  bacilli  and  spirilla  are  capable  of 
active  movement,  and  of  moving  from  one  spot  to  another.     The 
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not  poflBeee  tbe  power  of  locomotioQ,  bat  are  seen  to  have  only 

loua  molecular  '•  Brownian  "  movement ;  bat  Loffler  and  Men- 

tve  recently  diftcov- 

o  fipeciea  of  micro- 

'hicb   do    liave    the 

f  motion.  The  loco- 
of  the  bacilli  and 

which  are  capable  of 

is  brought  about  bj 

'  organs  called  cilia 

la.   Luffler,  by  means 

Dial  method  of  stain- 
demonstrated  these 
in  a  number  of  the 

nportant  pathogenic  bacteria.    The  different  forme  of  fl^!;ella 

KTi  in  Fig,  261.    They  are  found  either  at  one  end  only  or  at 

de,  and  are  single,  double,  or  in  the  form  of  bunches.    Many 

,  sncb  as  the  typhoid  bacillus  and  the  bacillne  of  malignant 
have  their  entire  periphery  covered  with  fine  cilia,  causing 
resemble  a  spider  or  a  centipede  (Figs.  261  and  262). 

latre  of  I.d91er'B  stain  for  flagella,  Bunge  recommends  the  following 
which  acquires  its  full  efQciency  only  after  long  exposure  to  the 
air:  Three  parts  concentrated 


.  of  taiiniu,  one  part 
five-per-cent  liquor  ferri  chlo- 
ridi,  to  which  is  added  one 
cubic  centimetre  of  concen- 
trated aqueous  solution  of  fuch- 
sin  to  ten  cubic  centimetres  of 
the  mixture. 

fieprodnotion  of  Bacteria. 

— Some  bacteria  multiply  by 
direct  division  or  fission  ;  the 
cells  become  somewhat  in- 
creased in  length,  and  form 
two  separate  and  distinct  in- 
dividuals, or  they  remain  ad- 
herent to  each  other  after 
«  flofl  flageiis.  division  {dipjococcus,  strep- 
tococcus, vibrio).     The  mul- 

■  power  of  the  fission  fungi  is  enonnoue.  If,  as  Fliigge  says,  the 
length  of  time  required  for  figsion  to  occur  is  one  hour,  there 

fonoed  from  each  bactenum  witlnn  tweu^--four  hours  about 


T.vphoid  bicitti  witb 
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of  enduBgwren  (dia- 


none  of  the 


eixteen  million  new  ones.  Many  bacteria,  aucL  as  the  Bacillus  suht'Uia, 
the  Bacilliia  anthracM,  and  t)ie  bacilhis  of  malignant  ojdenm,  propagate 
themselves  by  the  formation  of  spores,  which  is  on 
actual  fructification  in  the  interior  of  the  cells — that 
is,  by  the  formation  of  a  strongly  refracting,  aliining 
body,  which  is  set  free  liy  the  atrophy  of  the  re- 
mainder of  the  cells  (Fig.  ^ti4).  Each  cell  forms  only 
a  single  spore.  If  the  spores  find  lodgment  in  a  nu- 
tritive medium,  they  sooner  or  later  germinate,  and 
each  spore  will  develop  into  a  cell  similar  to  the 
mother  cell  from  which  the  spore  originated.  Spore 
formation  has  been  observed  in  various  species  of 
bacilli  and  in  some  of  the  spirilla,  bat  hitherto  in 
The  bacteria  undergo  spore  formation  for  the 
purpose  of  propagating  the  species,  particularly  when  at  the  height  of 
their  development  and  when  the  couditions  governing  their  nutrition 
and  growth  are  at  the  best.  By  subjecting  the  protoplasm  of  the  bac- 
teria to  certain  injurious  influences  their  power  of  spore  formation 
can  be  temporarily  or  permanently  arrested  (Lehraaun,  Behring,  etc.). 
From  a  pathological  standpoint  the  capability  which  the  spores  possess 
of  withstanding  noxious  influences,  such  as  dryness,  heat,  cold,  or 
chemical  substances,  is  of  great  importance.  The  sjKtrea  of  many  bac- 
teria can  retain  their  vitality  uniinpaireil  for  as  nmch  as  a  year  when 
kept  in  a  dry  condition,  or  even 
in  absolute  alcohol,  A  dry  heat 
[  \  of    140°   C.   (284°   F.)  destroys 

their  power  of  reproduction  with 
certainty  ordy  after  many  hours. 


1 1 ". 


;  i.  gem 
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and  they  can  withstand  boiling  for  several  minutes.  Globig  had  to 
subject  the  spores  of  the  potato  bacillus  to  the  action  of  steam  for 
more  than  four  hours  before  they  died.  This  great  power  of  resist- 
ance which  spores  possess  is  probably  dne  to  the  remarkably  tough 
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Fio.  265. — Spore  formation  (b)  in 
bacilli  of  malignant  oedema. 
Agar  culture,  a,  bacillus  with 
flugellu.      X  1,000. 


character  of  their  enveloping  membrane,  and  perhaps  also  to  the 
demical  composition  of  their  interior.  The  spores  of  the  different 
kinds  of  bacteria  vary  very  mach  in  their  capabilities  of  resisting  nox- 
ious conditions. 

Arthroiporei, — Besides  the  endospores,  a 

or  those  which  are  formed  in  the  interior 
of  the  cells,  there  are  also  arthrospores 
(Fig.  266).  They  owe  their  existence  to 
the  fact  that  certain  segments  of  a  chain, 
ttring,  or  cluster  of  bacteria  have  more 
vitality  than  the  others;  entire  cells  sepa- 
rate themselves  from  their  surroimdings 
and  form  new  chains  or  groups,  and  thus 
propagate  their  species  after  the  other  bac- 
teria have  died.  The  arthrospores  have 
DO  other  typical  means  of  recognition,  and 
they  are  not  particularly  resistant  to  un- 
&vonrable  influences. 

The  Ooenrrence  of  Bacteria  and  the  Conditions  Suitable  for  their  Life. — 
Bacteria  are  found  everywhere.  The  air,  earth,  water,  and  the  things 
which  they  contain,  our  clothing,  our  food,  skin,  etc.,  support  a  vast 
namber  of  these  invisible  living  beings  or  plants,  and  only  the  normal 
organs,  the  blood  and  the  lymph  in  the  healthy  body  of  man  and  ani- 
mals, are  free  from  them.  Bacteria  do  not  originate  by  spontaneous 
generation,  or  generatio  (Bqui/voca — ^i.  e.,  by  springing  from  molecules 
of  another  kind — but  they  grow  only  from  spores  of  their  own  species 

(Pasteur  and  others).     The  above-described  spores  are 
the  principal  means  for  the  preservation  of  the  various 
kinds  of  bacteria. 
^^  From  the  fact  that  bacteria  are  found  almost  every- 

f  A  %  ^  where,  it  follows  that  they  require  but  little  for  their 
V  t  ^  development ;  the  smallest  amount  of  organic  material 

^k   1  is  capable  of  supporting  them.     They  require  chiefly 

^^^  nitrogen  and  compounds  of  carbon.     The  amount  of 

nutritive  matter  which  the  different  species  need  varies 
very  much,  but  in  general  they  require,  besides  inor- 
ganic material,  food  which  contains  nitrogen  (albumen), 
or  is  free  from  nitrogen  (sugar,  glycerine).  It  is  very  important  that 
the  nutritive  medium  should  be  alkaline,  or  at  least  neutral  in  reaction, 
18  bacteria,  with  a  few  exceptions,  do  not  grow  in  an  acid  medium. 
The  bacteria  wliich  grow  exclusively  in  dead  organic  material  are  called 
Ae  obligate  saprophytic^  while  the  oUigate  parasitic  hacUria  are  those 
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whicli  only  grow  in  tlie  living  body  of  a  warm-bIooJe<l  aniniftl.  But 
there  are  a  vast  number  of  bacteria  which  are  saprophytic  (living  upon 
dead  organic  matter),  and  eicist  ae  paraeitea,  the  so-called  facuUutlve 
jjarasiiu'  or  fticultative  saprophytic  fungi. 

Adaptation  of  Bacteria  to  TTnauitable  Nutritive  Media. — Bacteria 
have  the  power  of  adapting  themselves  gradually  to  media  whicli  are 
uiifavonrable  to  their  development,  and  are  thus  able  to  accommodate 
themselves  even  to  antiseptic  solutions,  like  bichloride,  when  they  are 
allowed  to  become  gradually  accustomed  to  it,  Trambusti  succeeded, 
in  the  case  of  Friedlander's  pneamococcus  and  other  bacteria  (the  an- 
thrax bacillus  and  the  Staphyhwceus  pijugeties  aureus,  etc.),  in  inci-eas- 
ing  the  concentration  of  the  bichloride  of  mercury  contained  in  the 
nutritive  bouillon  from  1  to  40,000  up  to  1  to  2,000  without  interfer- 
ing with  their  development.  But  if,  on  the  other  hand,  these  microbes 
were  placed  immediately  in  a  bichloride  bouillon  mixture  of  a  strength 
of  1  part  bichloride  to  15,000  of  bouillon,  their  development  ceased 
immediately. 

Influence  of  Oxygen. — Oxygen  plays  a  very  important  part  in  the 
life  of  bacteria.  Many  species  will  grow  only  in  the  presence  of  free 
oxygen  {obligate  aerr^ic  haci^ria),  while  the  obligate  ariaSrohic  hacit'ria 
will  only  do  so  when  free  oxygen  is  absent  from  their  nutritive  medium. 
Other  bacteria — and  they  include  the  majority  tif  the  pathogenic  bac- 
teria— are  facultative  aerobic  and  facnitative  anaerobic;  i.  e.,  their 
growth  is  not  dependent  on  the  presence  of  oxygen,  though  the  facul- 
tative aerobic  flourish  better  with  oxygen,  and  the  anaerobic  without  it. 

Influence  of  Temperature. — Temperature  has  an  important  influence 
upon  them.  A  certain  amount  of  warmth  is,  of  course,  necessary  for 
the  development  of  bacteria  as  well  as  for  any  kind  of  life,  and  each 
species  has  its  own  temperature — that  is,  there  is  a  range  of  tempera- 
ture for  each  species  which  is  best  adapted  for  the  growth  of  that  spe- 
cies. The  saprophytes  are  best  suited  by  the  ordinary  temperature  of 
a  room  (20°  to  25°  C— 68=  to  77°  F.),  the  parasitce  by  blood  heat  (.^5° 
to  40°  C. — 95°  to  104°  F.),  while  other  classes  are  capable  of  growing 
at  temperatures  close  above  the  freezing  point,  and  even  liclow  it. 
When  the  temperature  is  abnormally  high  or  low  the  bacteria  hccome 
benumbed  by  the  heat  or  cold,  and  if  the  temperature  rises  or  falls  still 
more  they  perish.  It  is  well  known  that  the  spores  have  a  remark- 
able power  of  resisting  extremes  of  temperature.  The  limits  of  tem- 
perature compatible  with  the  development  of  most  of  them  lie  between 
40°  and  50°  C.  (104°  to  122°  F.) ;  of  others,  between  00°  and  70°  C. 
(150°  to  168°  F.).  The  pus  cocci,  when  in  a  dry  state,  can  retain  their 
vitality  for  a  long  time  at  a  temperature  of  80°  C.  (186°  F.).     Globig 
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and  Miquel  have  discovered  bacteria  which  can  still  grow  and  multiply 
at  a  temperature  ranging  between  60°  and  70''  C.  (150°  to  168°  F.). 

Muenoe  of  Light — Exposure  to  sunlight  has  a  deleterious  effect 
upon  certain  bacteria,  such  as  the  tubercle  and  anthrax  bacilli,  which 
die  comparatively  quickly  under  the  direct  action  of  the  sun. 

Influence  of  tiie  Oalvanio  Current — The  bactericidal  action  of  the 
galvanic  current  is  due,  according  to  Charrin  and  Burci,  to  electrolysis 
in  its  surrounding  fluid ;  nascent  iodine  has  a  particularly  strong 
action.  Cultures  of  different  bacteria  (staphylococci,  streptococci, 
anthrax  spores,  etc.)  in  a  one-  to  four-per-cent.  solution  of  potassium 
iodide  if  subjected  to  a  constant  current  of  two  to  ten  milliamperes 
are  killed  at  the  positive  pole,  when  iodine  is  set  free,  in  live  to  thirty 
minutes,  but  not  at  the  negative  pole.  In  the  tissues  the  constant  cur- 
rent seems  to  have  no  particular  effect  upon  bacteria. 

The  Products  of  the  Life  and  Metabolism  of  the  Bacteria. — By  means 
of  their  vital  activity  the  bacteria  generate  certain  products  of  metab- 
olism, of  which  some  exert  a  restraining  influence  upon  the  growth 
of  the  bacteria ;  such  products  are  carbonic  acid,  lactic  acid,  acetic  acid, 
etc. ;  upon  other  species  of  bacteria  the  increasing  alkalinity  of  the  nutri- 
tive medium  acts  unfavourably.  Many  bacteria  generate  feruicnts  or 
wluble  organic  bodies  which  readily  change  such  complicated  insoluble 
compounds  as  albumen  or  starch  into  soluble  substances,  acting  in  the 
same  way  as  the  pepsin  or  ptyalin  does  in  animal  organisms.  In  many 
bacteria  there  is  a  peptonising  ferment  which  will  liquefy  gelatine,  and 
this  is  a  matter  of  much  importance  for  diagnostic  purposes.  In  fact, 
the  various  species  of  bacteria  have  been  divided  into  the  general  classes 
of  those  which  liquefy  and  do  not  liquefy  gelatine. 

Ptomaines  and  ToxineSp — Bacteria  are,  furthermore,  the  cause  of  fer- 
mentation and  decomposition,  and  in  this  connection  it  was  first  dis- 
covered that  bacteria  form  poisonous  products  of  metabolism  called 
ptomaines  and  toxines.     It  has  long  been  known  that  certain  poison- 
ous products  are  developed  during  decomposition.     In  1863  Panum 
isolated  a  substance  which  he  called  the  "  poison  of  decomposition,'-  and 
Bergmann  and  Schmiedberg  a  crystalline  body  which  they  called  sep- 
«ne.   At  present  we  know  that  the  cause  of  many  infectious  diseases 
lies  in  the  action  of  those  poisons  which  are  produced  by  the  micro- 
oiganisms.     Ptomaines  are  nitrogenous  substances  which  are  formed 
from  the  constituents  of  the  animal  organisms  by  the  metabolism  of 
the  bacteria.     As  they  are  derivatives  of  ammonia  they  have  errone- 
ously been  called  alkaloids.     Ptomaines  that  have  a  poisonous  action 
are  called  toxines.     A  large  number  of  these  ptomaines  have  been  iso- 
lated in  a  pure  state. 
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Nencki  was  the  first  to  isolate  coUidin  and  determine  its  formula. 
Many  other  investigators  have  since  devoted  themselves  to  the  stady 
of  ptomaines  and  toxines.     Brieger  has  isolated  several  ptomaines  and 
toxines  from  cultures  of  bacteria — e.  g.,  peptotoxine,  neurine,  neuri- 
dine,  cadaverine,  muscarine,  phlogosin,  choline,  etc.     He  also  obttuned 
very  poisonous  toxines  from  cultures  of  typhoid  and  tetanus  bacilli 
(typhotoxine,  tetanine,  tetanotoxine).     Their  very  poisonous  character 
was  demonstrated  bv  the  inoculation  of  animals.     Some  toxines  have  a 
similar  action  to  morphine,  curare,  or  atropine.     Peptotoxine  caugesr 
death  in  the  animals  experimented  upon  with  symptoms  of  paralysis ; 
and  neurine,  according  to  Brieger,  acts  like  muscarine,  causing  salivation, 
contraction  of  the  pupils,  disturbances  of  respiration  and  circulation, 
and  clonic  spasms.     This  explains  the  general  systemic  poisoning  of 
various  kinds  due  to  bacterial  infection  of  wounds,  and  in  part  the 
cases  of  poisoning  caused  by  ingestion  of  decomposing  food  with  the 
ptomaines   it   contains   (meat,  sausage,  milk,  and   cheese   poisoning). 
The  toxines  can  be  separated  from  the  bacteria  by  filtration  through 
porcelain,  and  then,  by  injecting  the  toxines  beneath  the  skin  of  ani- 
mals, it  is  possible  to  study  their  poisonous  manifestations.    If  cultures 
of  bacteria  are  subjected  to  a  temperature  of  60°  C,  the  micro-organ- 
isms will  perish,  and  the  poisonous  effects  of  many  of  the  ptomaines 
can  be  studied ;  but  others  are  destroyed  by  a  high  temperature.    Tox- 
ines, which  belong  to  different  groups  of  chemical  bodies,  are  in  some 
instances  resistant  to  heat,  and  in  others  non-resistant.    Buchner  called 
those  substances  within  the  l^acterial  cells  which  resist  heat,  proteins. 
Those  substances  which  do  not  resist  heat,  and  are  found  in  the  culture 
fluid,  are  called  by  Brieger  and  Frankel  toxalbumins,  on  account  of 
their   supposed   albuminous  nature.     Ilankine  calls  them   albumoses, 
but  the  general  term  Ufxines  is  better.     The  nature  and  composition  of 
the  nutritive  medium  plays  an  important  part  in  the  formation  of  the 
toxines  produced  by  any  particular  kind  of  bacteria— i.  e.,  the  same 
bacteria  do  not  under  all   circumstances  produce  the  same   toxines. 
Even  harmless  bacteria,  like  the  Mi^ococcus  prodigimxt^^  may,  when 
combined  with  some  second  species  also  •non-pathogenic,  become  dan- 
gerous to  the  animal  economy.     The  specific  poisons  of  many  bacteria 
— for  example,  the  tubercle  bacilli — are  not  found  in  the  nutritive 
medium,   but  chiefly  in    the   bodies   of  the   bacteria   themselves,   so 
that  tuberculosis  can  be  excited  by  dead  tubercle  bacilli  (R.  Koch, 
Prudden,   Ilodenpyl,  etc.).     Buchner  showed   even   earlier   that   the 
above-mentioned   proteins  which  are  intimately  connected   with    the 
bacterial  cells  cause  inflammation  and  have  a  toxic  action.     Buchner 
Lange,  and  F.  Roenier  pointed  out  that  these  poisonous  bacterial  pro- 
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teineaDd  certain  toxi&es  have  a  great  power  of  attraction  for  the  leuco- 

(Ttes  (chemotaxis),  and  after  intravenoue  injection  cause  an  increase  in 

tbe  number  of  the  leucocytes  (leucocytosis).     The  properties  poeeesBed 

b;  these  bacterial  proteins  of 

ain^DgiDflammation,  and  par- 

ticnlarlj  fever  (general  toxic 

icdon),  have  become  more  and 

iDore  firmly  eetabhghed  by  the 

itest  investigations.      (Anti- 

toxines,  see  page  277.) 

Pigment  Formation. — Many 
bacteria  form  colouring  mat- 
er (Figs.  267-269)  of  many 
ifierent  shades,  such  as  white, 
lack,  red,  blue,  yellow,  green, 
i<I  brown,  giving  to  the  cul- 
>z%,  and  often  to  a  great  part 
-  the  nutritive  medium,  a 
a  sracteristic  tinge.     The  pns 


"wmetimes  coloured  by  bacteria.  The  pigment  bacteria,  in  all  prolia- 
'"'ity,  possess  a  chromofjenic  body,  which  when  exposed  to  the  iiiflu- 
eoce  of  oxygen  changes  to  a  colouring  matter. 

PhoiphoTeaoeiiM. — Many  bacteria  are  phosplioreseent — i.  e..  they  are 
iDiuiBong  in  the  dark  (Fischer). 

Pndocta  of  tb«  Bacteria -Different  Effects  of  the  Froducta—Arloing:  and 
Ourmont  distin^ish  three  priiiciiwil  clas.ses  of  the  products  of  the  patho- 
genic bacteria  :  1.  The  flubstsncen  precipitable  by  alcohol  {diastases,  by  acidi- 
tiedalcoho]  (tox albumens),  by  Millon'si-eagent  (peptoHes).  Diastases  ami  tox- 
albumens  are  capable  of  dialysis  only  to  a  slight  extent.     2.  The  sub.stancea 
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wliich  are  soluble  in  alcohol  and  etber  and  can  be  precipitated  bj  acetate  of  i 
lead  and  bichlui-ide  of  mercury  ai-e  dialyanble  and  are  but  sligbtly  altered  J 
by  tieat  (ptomaines,  alkuloids).     3.  Tlie  volatile  substances,  coloured  com- 
jKiunds  ot  carbon,  etc.     Some  of  the  producia  have  toxic,  some  pi-edisposing, 
and  some  immunifying  properties,  and  they  have  all  been  isolated  from  vari- 
ous species  of  bacleria  {Behring,  Friinkel,  Rovet,  etc.). 

The  marasmus  accompanying  acute  and  chronic  diseases  due  to  bacterial  I 
infection  is  caused  by  the  products  of  the  metabolism  of  the  bacteria,  as  Man- 
netli  has  proved  in  the  case  uf  tlie  metabolic  productsof  the  Staph  ytococcua 
p!/ii(/em'S  aiireuK  and  allius. 

The  Limitationa  to  the  drowth  of  Bacteria;  their  Death. — Various 
inflneuces  place  rt'Straiiits  tifiou  the  growth  of  the  bacteria,  sucb  ss  too 
low  or  too  high  temperatures,  absence  of  water,  the  addition  of  certain 
chemical  subBtances  or  bacterial  poisotis  to  tbeir  nutritive  medium,  etc. 

If  DuxiouB  iufluenccB  are  not  permitted  to  act  too  intensely  upon 
■'  the  bacteria  the  latter  t>ecome  weakened,  and  this  weakening  process 
can  be  kept  up  through  several  generations,  causing  the  pathogenic 
species  to  lose  their  virulence  partially  or  completely.  Cultures  of 
bacteria  which  have  been  thus  weakened  have  often  been  employed 
for  inoculating  purposes  as  a  prophylactic  measure  against  infectious 
diiseases. 

If  the  above-mentioned  noxious  influences  are  permitted  to  act  too 
intensely  or  too  long  the  bacteria  will  finally  die.  It  is  possible  to  kill 
bacteria  by  a  great  number  of  chemical  substances,  the  chief  of  which 
are  our  commonly  use<l  antiseptics,  bichloride  of  mercury  and  carbolic 
acid,  provided  they  are  employed  in  sufficiently  concentrated  solutions. 
Bacteria  may  also  be  destroyed  by  insufficient  nourishment,  by  depri- 
vation of  water,  by  exposure  to  the  direct  rays  of  the  sun,  or  by 
other  antagonistic  bacteria  or  the  products  of  their  metabolism  (acids, 
alkalies),  and  especiHlly  by  abnormally  low  or  high  temperatures,  rang- 
ing from  50°  to  80°  C.  (122°  to  17*5°  F.)  and  higher.  As  we  have  said 
before,  low  temperatures  are  less  injurious,  as  a  general  thiTig,  than 
abnormally  high  temperatures.  Many  of  those  bacteria  which  do  not 
form  spores,  and  the  majority  of  the  kinds  which  do,  are  capable  of 
retaining  their  vitality  in  ice.  The  spores  are  also  very  resistant  to 
high  grades  of  temperature,  ranging  between  50°  and  80°  C.  In  gen- 
eral they  are  killed  only  at  a  temperature  of  100°  C,  some  of  them 
needing  to  be  subjected  to  it  from  two  to  ten  minutes,  and  others  sev- 
eral hours.  Budding,  sprouting  spores  are  more  rapidly  killed  than 
those  which  have  not  budded.  The  most  effective  manner  of  destroy- 
ing bacteria  is  by  subjecting  them  to  boiling  water  or  hot  steam.  Dry 
heat,  at  a  temperature  of  Off  to  lfiO°  C.  (^Si"  to  32u°  F.),  refjuires 
three  hours  to  kill  bacteria,  while  boiling  water  or  steam  only  requires 
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from  five  to  ten  minutes.     According  to  Tassinari,  tobacco  smoke  Una 
a  (let-idLHl  bactericidal  power. 

Testa  and  Comparisons  of  the  Germicidal  Sabstanou.— The  efBcacj  of  a 
gwmiciiii.-  ia  lesicd  by  iuuculutiiig  the  bacterial  matter  previously  subjected 
to  lis  iiitlueiioe  uiH>u  living  animals  and  observing  whether  or  not  infection 
follows,  or  fresh  moist  or  dried  colonies  may  be  placed  upon  glass slidea,  sitk 
llireaiU,  grains  of  sand.  etc..  and  thus  brought  into  contact  for  a  certain 
length  of  lime  witli  tlie  germicide  that  is  to  be  tested.  The  colonies  thus 
treated  are  then  placed  in  some  tiutritive  medium,  such  as  gelatine  or  bou- 
illon, and  kept  ai  a  temperature  of  315°  C.  (77°  F.).  If  chemical  substances 
are  to  be  lestwi.  the  glass  slides  or  threads,  etc..  must  first  be  washed  in  ster- 
ilis«l  distilled  water  to  prevent  tliem  from  carrying  any  of  the  poison  into 
the  nutritive  gelatine,  and  consequently  restraining  the  growth  of  the  bac- 
teria. After  the  cultures  have  been  kept  at  the  proper  temperature  for  sev- 
eral days,  and  have  shown  no  development  of  colonies  of  bacteria,  it  may  be 
inferred  that  the  previously  existing'  organisms  have  been  killed  by  the  sub- 
stance in  question. 

Ordiaary  Hethoda  of  Studying  Bacteria.— The  methods  of  bacteriological 
investigation  consist  principally  in  the  study  of  stained  prei>arattons  under 
the  microscope,  in  the  formation  of  cultures,  and  in  the  inoculation  of  ani' 
mals  with  pure  cultures  of  the  different  bacteria.  The  microscopical  part  of 
the  investigation  of  bacteria  has  been  greatly  advanced  by  Robert  Koch, 
who  showed  the  neces.sity  of  honiogeneous  immersion  and  the  proper  way 
of  using  Abbe's  condenser  or  illuminating  apparatus.  The  basic  aniline 
dyes  are  the  best  materials  for  staining  both  the  bacteria  and  the  cell  nuclei. 
We  employ  aqueous  solutions  of  gentian  violet,  fuchsin.  and  especially 
methylene  blue — e.  g.,  thirty  centimetres  of  a  concentrated  alcoholic  solution 
of  methylene  blue,  one  hundred  centimetres  of  water,  and  twenty  drops  of 
oue-per-ctmt.  caustic  potash,  or  a  solution  containing  flft«en  drops  of  carbol 
fuchaiii,  twenty  grammes  of  distilled  water,  and  eight  drops  of  concentrated 
alcoholic  solution  of  methylene  blue.  If  it  is  desired  to  make  a  preparation 
rapidly  from  a  fluid  containing  bacteria,  a  drop  of  the  liquid  is  evaporated 
upon  a  cover-glass.  The  residue  is  tixed  by  passing  the  cover-glass  three 
times  through  tlie  Hame  of  a  Bunsen  burner,  and  then  placing  it  for  a  few 
minutes  in  one  of  the  above-mentioned  staining  solutions — methylene  blue, 
for  example.  In  case  the  above  alcoholic  carbol-fuchsin-methylene-blue 
solution  is  uaeil,  eight  to  ten  seconds  is  sufficient  The  excess  of  colouring 
matter  is  then  washed  from  the  cover-glass  with  distilled  water,  tlie  specimen 
placed  upon  a  slide  and  examined  in  the  bright  light  provided  by  tlie  Abbe 
condenser,  with  or  without  a  blender.  The  importance  of  the  Abbe  con- 
denser lies  in  the  fact  that  it  brings  into  prominence  the  coloured  portions 
of  tlie  stained  prejiaration,  especially  the  nuclei  and  tlie  bacteria.  When 
unstAiniHl  ohjocta  are  to  be  examined  the  use  of  the  condenser  is  to  be 
rwilricled— i.  e..  a  narrow  blender  is  to  be  used,  and  less  light  allowed  to  fall 
upon  the  slide.  In  examining  with  the  microscope  fluids  containing  bac- 
teria it  is  a  good  plan  to  use  hollowed-out  slides.  For  the  recent  methods 
of  staining  bacteria  I  must  refer  the  reader  to  the  test-books  of  Frfinkel, 
Hueppe,  Gunther,  Eisenberg,  and  others. 
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Culture  Methods— The  Varioni  Kinds  of  Culture  Media.— By  artificUi 

cultures  of  bacteria,  and  their  subsequent  inoculation  upon  animals,  qui 
knowledge  of  the  effects  produced  by  bacteria  has  been  very  much  advanced 
Bacteria  are  cultivated  partly  in  liquid  and  partly  in  solid  nutritive  medi& 
The  vessels  for  conducting  the  experiments  are  exposed  to  dry  heat  at  a  tem- 
perature of  160®  C,  in  a  sterilising  apparatus,  for  from  one  to  two  hours, 
while  the  nutritive  media  are  sterilised  in  advance  in  a  Papin's  digester, 
or  by  steam,  in  order  to  kill  the  bacteria  which  may  already  be  existing 
in  them. 

The  fluid  nutritive  media  (infusion  of  meat,  infusion  of  hay,  milk,  urine, 
blood  serum,  etc.)  are  inferior  in  every  respect  to  the  translucent  solid  media 
(gelatine,  agar-agar).  In  the  liquid  media  it  is  possible  to  watch  the  growth 
and  multiplication  of  bacteria  by  means  of  "cultures  in  hanging  drc^" 
With  the  aid  of  a  sterilised  platinum  wire  hook  a  drop  of  the  sterilised  nutri- 
tive liquid  is  placed  upon  a  cover-glass  which  lias  just  been  heated;  to  the 
drop  is  then  added  a  very  small  amount  of  the  culture.  A  concave  glass 
slide  is  sterilised  by  heat,  vaseline  placed  around  the  concavity,  and  the 
cover-glass  laid  upon  the  vaseline  circle,  with  the  drop  of  nutritive  liquid 
dipping  into  the  concavity.  The  solid  nutritive  media  (gelatine,  agar-agar) 
become  fluid  at  temperatures  between  25**  and  30"  C.  and  35**  and  40"  (X, 
respectively,  but  solidify  rapidly  on  cooling.  If  bacteria  are  planted  in  the 
most  commonly  used  nutritive  gelatine  (bouillon,  eight  per  cent  gelatine, 
one  per  cent,  peptone,  one-half  per  cent  common  salt),  which  has  been 
heated  to  a  temperature  of  30°  C.  in  a  test  tube,  and  so  liquefied,  and  if  the 
well-mixed  fluid  is  then  poured  upon  sterilised  glass  plates  or  saucers,  the 
bacteria  will  grow  in  the  rapidly  hardening  gelatine,  and  after  the  lapse  of 
one  or  two  days  will  form  visible  separate  cultures.  The  microscope  shows 
that  each  colony  is  made  up  of  individuals  of  the  same  species.  To  prevent 
the  colonies  from  growing  too  thickly,  it  is  best  to  dilute  the  gelatine  fint 
infected,  and  to  pour  the  diluted  liquid  upon  a  larger  number  of  glass  plates, 
a  portion  of  the  nutritive  medium  in  the  first  glass  being  emptied  into  a 
second,  to  which  gelatine  is  then  added,  and  this  last  fluid  is  then  miied 
with  more  gelatine  in  still  a  third  glass.  All  the  mixtures  are  then  poured 
into  a  little  shallow  glass  dish.  The  agar  mixture,  which  remains  solid  up 
to  a  temi>erature  of  38**  C.  is  employed  for  bacteria  requiring  a  temperature 
higher  than  25°  C.  It  is  thus  possible  to  make  cultures  of  any  desired  spe- 
cies of  bacteria  in  a  solid  medium.  The  cut  surfaces  of  slices  of  a  boiled 
potato  are  also  much  used  as  a  solid  nutritive  medium,  and  distinct  colonies 
can  be  made  to  grow  upon  them  by  spreading  out  over  the  surface  of  the 
potato  thus  prepared  a  single  drop  of  liquid  containing  three  or  four  species 
of  bacteria.  Under  proper  conditions  every  bacterium  will  then  develop  into 
a  separate  colony.  For  some  bacteria  (pus  cocci,  diphtheria  bacilli,  tubercle 
bacilli,  FrankePs  ^  ^euniococcus)  human  saliva  and  sputum  furnish  a  goo^ 
nutritive  medium  (Schmidt,  Grawitz). 

The  different  species  of  bacteria  require  particular  kinds  of  nutriti^ 
media — blood  serum,  for  instance— while  other  s|)ecies  must  have  medi 
which  do  not  contain  oxygen.  The  latter  rtjquirement  is  obtained  by  a  thic 
layer  of  gelatine  or  ajjar,  or  by  sup])lantinjr  tlie  air  in  the  culture  vessel  \ 
hydrogen  gas,  or  by  the  addition  of  reducing  substances  (one  to  two  p 
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;lrose,  formate  of  sodium.  pyrocat«chin,  et«.)-    A  number  of  known 

have  as  yel  eluded  all  attempts  at  cultivation. 

Khaviour  of  the  cultures  in  the  nutritive  media.  Buch  as  gelatine  or 

now  be  watched  very  exactly.    Some  species,  for  example,  form 
amasses,  others  white  siimy  drops,  and 
r  colonies  liquefy  the  gelatine,  or  de- 
>  colonies  having  a  bright  red,  yellow, 
:olour,  etc. 

x>ver-glasa  placed  upon  the  gelatine 
■essed  lightly  on  the  colonies  growing 
surface,  and  then  lifted  off,  a  portion  of 
1  will  cling  to  the  glass.  This  cover- 
paration  is  then  passed  three  times 
rough  the  Bunsen  flame,  treated  with 
'uchaiu  or  gentian  violet,  washed  with 
1  examined  under  the  microecope. 
e-point  or  Stab  Coltona— The  needle- 
tures  are  especially  important  (Pig, 
are  made  in  the  following  manner: 
m  wire  is  brought  into  contact  with 
ticular  colony  of  bacteria,  and  then 
.nto  nutritive  gelatine  contained  in  a 
-tube.  In  the  region  of  Uie  puncture 
ttteristic  culture  will  develop, 
r  or  Btresk  Cnltnrei— When  a  linear 
ig.  ?71)  is  made  the  gelatine  is  allowed 
1.  so  that  its  surface  forms  a  plane 
directed  towards  the  sides  of  the  test- 
over  this  surface  is  lightly  drawn  the 

wire  which  carries  the  bacteria. 

nrso  care  must  be  taken  in  both  the 

int  and  linear  cultivations  that  only 

lular  species  of  bacteria  to  be  investi-       culture, 

itrodnced. 

few  general  remarks  on  the  methods  of  investigation  pursued  in 
igy  will  sufHce  for  our  purpose.  More  detailed  descriptions  can  be 
fere  nee  to  the  text-books  of  C.  Friinkel,  Fliigge,  Hueppe.and  others, 
icription  of  the  different  bacteria  of  surgical  importance  we  sliall 
the  discussion  of  certain  other  questions. 

lotion  of  Pathogenic  Bacteria — Xethods  of  Tratumisiion,  and 
ntal  Inoculation  of  Aninalj. — The  bouadaries  Itetween  tlie 
diseaee-producing  or  patlio^nic  ba<^teria  and  the  non-patho- 
i  not  very  sharply  defined.  Even  non -pathogenic  bacteria 
!r  certain  conditions,  aa  hefore  remarked,  do  a  great  deal  of 
hile,  on  the  other  Iiand,  even  virulently  pathogenic  inicro- 
6  may  in  various  ways,  sucli  as  by  peculiar  methods  of  cutti- 
e  rendered  weak  or  entirely  inert  (see  page  275). 
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Hmjo  do  the  pathogenic  bacteria  act  f     The  pathogenic   bacterid 
produce  their  noxious  effects,  in  the  first  place,  by  forming  specific^ 
extremely  poisonous  products  of  metabolism  (toxines,  see  page  267) 
which  damage  the  animal  organism  in  a  definite  way.     Other  species, 
of  bacteria  become  dangerous  to  the  animal  economy  on  account  of 
their  great  numbers.     They  increase  with  great  rapidity  and  spread 
throughout  the  body,  as  is  the  case  with  the  anthrax  bacilli,  which  in  a 
purely  mechanical  way  produce  very  serious  changes  in  the  different 
organs,   and   prove   fatal    by  consuming  the   nutritive  matter,  albu- 
minous substances,  and  oxygen,  which  are  necessary  to  the  life  of  the 
organism. 

Toxic  and  Infectioiu  Bacteria. — The  first  class  of  bacteria  are  the 
toxic,  the  second  are  the  infectious.  The  toxic  bacteria  form  their 
poisons  outside  of  the  body  only,  and  are  incapable  of  developing  inside 
the  living  body.  If  they  gain  access  in  sufficient  numbers  to  poison 
the  body  they  are  carried  to  all  the  different  organs  by  the  circulating 
blood,  and  can  be  perhaps  demonstrated  in  them  here  and  there ;  bnt 
their  presence  is  of  secondary  importance,  as  the  main  thing  is  the  poi- 
son which  they  have  produced,  upon  the  kind  and  amount  of  which 
the  disease  depends.  The  animal  organism  is  poisoned  by  toxic  bac- 
teria both  from  the  use  of  cultures  that  contain  the  bacteria  and  those 
that  are  germ-free.  The  infectious  bacteria,  on  the  other  hand,  pofr 
sess  the  power  of  multiplying  within  the  organism  in  which  they  find 
lodgment,  and  of  spreading  themselves  through  it;  and  even  though 
very  few  in  number  when  first  introduced,  they  can  increase  with 
incredible  rapidity,  flooding,  as  it  were,  all  the  organs  of  the  body. 
The  anthrax  bacillus  is  a  good  example  of  this  variety  (see  §  77). 
Schimmelbuscli  and  Ricker  were  able  to  demonstrate  anthrax  bacilli  in 
the  internal  organs  (heart,  lungs,  liver,  spleen,  kidneys)  in  half  an 
hour,  and  the  Bacillus  pyocyanetcs  in  five  minutes  after  the  infection 
of  fresh  wounds.  Hand  in  hand  with  the  increase  in  the  number  of 
micro-organisms  goes  an  increased  formation  of  the  poisonous  product* 
of  their  metabolism,  leading  to  intoxication  (poisoning)  of  the  body. 
The  original  infection  may  be  produced  by  the  entrance  into  the  body 
of  an  exceedingly  small  number  of  microbes.  The  same  species  of 
bacteria  may  prove  infectious  for  one  kind  of  animal  but  not  for 
another ;  but  by  feeding  an  animal  in  a  certain  way,  or  by  subjecting 
a  particular  species  of  bacteria  to  proper  cultivation,  the  animal  mftj 
be  rendered  susceptible  or  not  to  the  particular  species  of  bacteria. 
The  glanders  bacillus  has  an  exceedingly  virulent  effect  upon  field- 
mice,  but  white  mice  are  not  affected  by  it.  If,  however,  the  white 
mice  are  fed  upon  phoridzin  until  they  become  diabetic,  they  change 
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aDd  are  then  susceptible  to  this  bacillus.  According  to  Arloing's 
statement,  the  bacilli  of  malignant  cedema  become  infectious  for  such 
animalB  as  are  ordinarily  not  affected  by  them  if  the  animals,  previous 
totbeir  inoculation,  are  soaked  in  a  twenty- per-cent.  solution  of  lactic 
acid,  or  if  their  tissues  are  first  treated  with  pyrogallic  or  carbolic 
acids,  or  bichloride  of  mercury. 

Attenuation  of  the  Virulence  of  Bacteria. — It  has  hitherto  been 
impossible  to  eflfect  a  permanent  increase  in  the  virulence  of  the  bac- 
teria, or  to  change  the  toxic  bacteria  into  the  infectious  class,  or  vice 
term;  but^  on  the  other  hand,  a  lasting  attenuation  and  even  a  total 
destniction  of  their  virulence  is  possible,  as  in  the  case  of  the  bacilli 
of  chicken  cholera  and  anthrax,  the  pneumococci,  etc.  (Pasteur,  Tous- 
fiaint).  This  attenuation  of  the  virulence  of  pathogenic  bacteria  may 
be  brought  about  in  a  natural  as  well  as  in  an  artificial  way.  The 
natural  attenuation  will  take  place,  as  demonstrated  by  Fliigge's  experi- 
ments, in  such  infectious  bacteria  as  are  compelled  to  grow  for  a  long 
time  under  conditions  diflEering  from  those  governing  their  ordinary 
existence  and  development,  such  conditions  being  represented  by  arti- 
ficial nutritive  media  or  atmospheric  surroundings  to  which  they  are 
not  accustomed.  By  causing  certain  bacteria  to  accommodate  theisi- 
selves  to  growth  upon  dead  substances — that  is,  giving  them  a  sapro- 
phytic method  of  life — their  capability  of  developing  in  the  animal 
organism  is  lost.  A  similar  loss  of  specific  action  can  be  produced  in 
saprophytic  bacteria  by  cultivating  them  under  altered  conditions 
(Hueppe  and  others).  The  virulence  of  bacteria  can  also  be  modified, 
and  even  permanently  abolished,  by  subjecting  them  to  various  influ- 
ences which  are  injurious  to  them.  The  poisonous  character  of  an- 
thrax bacilli  has  thus  been  rendered  weaker  or  destroyed  by  cultivation 
of  the  organisms'  in  antiseptic  or  disinfecting  nutritive  media,  such  as 
bouillon  containing  bichromate  of  potassium  (1  to  2,000-5,000),  or 
mthrax  blood  containing  one  per  cent,  of  carbolic  acid,  or  by  cultiva- 
tion under  a  pressure  of  eight  atmospheres,  or  by  exposure  of  the 
culture  to  the  direct  rays  of  the  sun.  Likewise,  by  breeding  a  special 
species  of  bacteria  several  times  in  animals  which  are  not  susceptible 
to  it,  the  virulence  of  this  species  can  be  diminished.  The  surest  and 
Diost  usual  way  of  "attenuating  their  virus"  is  the  cultivation  of  bac- 
teria in  high  temperatures ;  and  the  lower  the  temperature  that  one 
0868  for  bringing  this  about  the  longer  the  pnxjess  of  attenuation  will 
take,  but  it  becomes  just  so  much  the  more  permanent,  so  that  the 
treakened  poisonous  character  of  the  bacteria  is  transmitted  to  their 
>fepring,  and  in  this  way  it  is  possible  to  make  a  series  of  completely 
ttenuated  cultures.     The  attenuated  differ,  in  all   probabiUty,  from 
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the  yirulent  bacteria  in  possessing  a  degenerated  protoplasm,  a  defeot* 
ive  vitality,  a  diminish^  power  of  growth,  less  ability  to  withstand 
injurious  influences,  and  especially  in  having  different  prodacts  of 
metabolism.  Virulent  anthrax  bacilli,  for  example,  form  a  greater 
amount  of  acid  than  the  attenuated  ones.  Therefore,  bacteria  which 
have  been  attenuated  or  weakened  do  not  flourish  in  the  animal  system, 
as  they  are  incapable  of  overcoming  its  natural  oppositions  or  hin- 
drances to  their  growth,  and  they  die  relatively  quickly  either  at  the 
point  of  infection,  or  in  the  blood,  and  especially  in  the  organs  where 
they  are  deposited  by  the  blood — viz.,  the  liver,  spleen,  and  bone 
marrow. 

Power  possessed  by  the  Animal  Organism  of  proteoting  itself  against 
Bacteria. — The  healthy  animal  or  human  body  possesses  various  means 
of  protecting  itself  against  the  entrance  of  bacteria.  The  serum  of  the 
blood,  particularly  if  free  from  cellular  elements,  has  a  direct  germi- 
cidal power,  as  has  been  demonstrated  by  the  beautiful  experiments  of 
Buchner,  Niessen,  Stem,  and  others.  This  germicidal  power  of  the 
blood  is  due  to  the  formation  of  protective  substances  (antitoxines) 
which  Buchner  and  Hahn  called  alexines.  The  latter  are  dissolved 
aU)uminou8  substances  which  are  derived,  according  to  Buchner,  from 
the  white  blood -corpuscles.  The  alexines  are  destroyed  as  soon  as 
they  come  in  contact  with  the  decomposition  products  of  the  bacteria, 
while,  on  the  other  hand,  the  bacteria  themselves  are  destroyed  by  the 
alexines  (Buchner  and  Hahn).  It  is  a  fight  for  life  or  death,  and  the 
stronger  wins.  The  injection  of  certain  fluids  into  the  blood — e.g., 
nuclein,  tuberculin,  etc. — causes  a  marked  increase  in  the  number  of 
white  blood -corpuscles,  and  this  artificial  leucocytosis  probably  in- 
creases the  resisting  power  of  the  blood  against  bacteria.  The  germi- 
cidal power  of  the  blood  in  a  given  individual  appears  to  have  a 
different  intensity  at  different  times.  According  to  II.  Buchner,  it  is 
dependent  also  upon  the  proportion  of  salts  it  contains.  Fodor  says 
that  the  germicidal  power  of  the  blood  is  increased  as  its  temperature 
is  raised  and  as  it  becomes  more  alkaline  by  the  addition  of  alkaline 
substances.  At  a  temperature  of  38°  to  40°  C.  (100.4°  to  104°  F.)  the 
germicidal  action  of  the  blood  is  greatest,  but  above  40°  C.  (104°  F.)  it 
rapidly  decreases.  At  all  events,  it  is  mainly  by  chemical  processes,  if 
we  leave  out  of  consideration  the  local  anatomical  peculiarities,  that 
the  animal  organism  protects  itself  against  the  entrance  of  bacteria. 
Up  to  a  certain  point  there  is  also  a  conflict  between  the  bacterial  cells 
and  the  cells  in  the  body  of  the  animal.  According  to  Metschnikoff, 
it  is  principally  the  white  blood-cells  which  take  up  and  devour  tlie 
bacteria  (Fig.  272),  and  for  this  reason  he  has  called  them  devouring 
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cells— phagocytes — and  to  them  he  ascribes  the  most  important  part  in 
the  battle  of  the  system  with  the  bacteria  which  have  entered  it.  This 
phagocyte  theory  of  Metschuikoffs  has  recently  been  attacked  by 
fliigge,  Baumgarten,  Weigert,  and  others.  These  investigators  claim 
that,  contrary  to  MetschnikofTs  idea,  the  white  blood-corpuscles  are 
always  the  ones  that 
SDceumb  in  the  conflict 
with  the  bacteria  if  the 
latter  enter  the  corpus- 
cles in  a  living  con- 
dition, and  that  only 
dead  bacteria  are  carried 

away  by  the  body-cells.  ^'°-  272t— Phagocytes  (MetschnikofT):  a,  an  anthrax  bacillus 

m,                .             .        .       '  about  to  enter  a  white  blood-corpuscle;  6,  the  anthrax 

The  new  investigations  bacillus  within  the  white  blood- corpuscle ;  <•,  white  blood- 

*  r»     ,                   ,  %T  ,  corpuscle  with  anthrax  bacilli  which  have  become  broken 

Of  Bachner  and  Hahn,  into  pieces, 

however  (p.  276),  make 

Metfichnikoffs  theory  more  easy  to  understand.  The  bacteria  are  also 
carried  away  in  the  excretions,  especially  the  bile,  urine,  faeces,  and 
Bweat  Cavazzani^s  claim  that  bacteria  cannot  pass  through  the  normal 
•  epithelium  of  the  kidney  can  no  longer  be  maintained  since  the  latest 
investigations  of  Biede  and  Kraus.  The  latter  authorities  say  that 
only  the  salivary  and  mucous  glands  and  the  pancreas  do  not  excrete 
micro-organisms  under  normal  conditions. 

Hatnral  or  Acquired  Tmnmnity  of  Animals  and  Man  towards  Bacteria. 
—The  existence  of  immunity  in  man  or  animals  towards  this  or  that 
^ies  of  bacteria  is  a  matter  of  great  practical  importance.     It  is 
in  part  hereditary  and  in  part  artificially  acquired.     We  know  that, 
owing  to  Jenner's  discovery  of  the  last  century,  man  can  be  made  to 
lose  bis  susceptibility  to  variola  by  means  of  the  inoculation  with  cow- 
pox  virus.     The  discoveries  of   Pasteur  are   in  harmony  with  this 
important  fact — namely,  that  by  inoculation  of  a  weakened  bacterial 
poison  the   system  is   rendered   non-susceptible  to  infection   by  the 
poison  of  such  diseases  as  hydrophobia,  anthrax,  chicken  cholera,  etc. 
Thoagh  Koch,   Loffler,   and   others  have   demonstrated,   as   regards 
^mthrax,  that  inoculation  with  the  weakened  or  attenuated  anthrax 
poison  provides  no  certain  and  absolute  protection  against  this  disease, 
jet  scientifically  and  practically  the  fact  remains  established  that  the 
toimal  system  can,  under  certain  circumstances,  by  inoculation  with 
the  attenuated  bacterial  poison,  be  made  unsusceptible  to  the  most 
rimlent  substances — in  other  words,  the  system  becomes  artificially 
immune.     This  immunity  is  due  probably  to  the  presence  of  certain 
antagonistic  substances  (antitoxines).    The  active  principles  of  the  sub- 
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and  consequently  their  Benim  Las  licen  used  for  aulwutaneous  injection 
in  eases  of  diphtheria  with  good  results.  The  latest  experietK^es  with 
the  antitoxic  serum  of  diphtheria  sliow  that  the  mortality  of  the  caeea 
treated  with  the  eerum  has  become  much  lees.  The  eenim  acts  the 
more  quickly  the  earlier  it  is  used  in  the  diseafie. 

The  antitoxic  method  of  treatment  has  also  been  used  in  the  caae 
of  malignant  tumours  (see  Tumours).  The  tendency  at  present  is  to 
develop  this  mode  of  treatment  more  and  more.  Certain  medicinal 
substances  of  vegetable  origin  also  possess  immunising;  properties — e.g., 
extract  of  curare  is  a  preventive  and  curative  niea£ure  against  strych- 
nine-tetanus (LalK»rde). 

Acquired  immunity  has  a  very  close  relationship  with  the  recovery 
from  infectious  diseases.  The  blood  or  serum  of  animals  which  possess 
a  natural  immunity  from  certain  diseases  will  probably  be  used  more 
and  more  in  the  treatment  of  those  diseases  in  man.  Efforts  are  being 
made  to  isolate  or,  in  other  words,  to  produce  in  a  pure  state,  the  anti- 
toxines  from  the  blood  and  milk  of  animals  made  artificially  immune. 
This  is  particularly  desirable,  for  the  reason  that  after  injections  of  the 
serum — e.  g.,  of  diphtheria — undesirable  complications  and  after-effectf 
are  observed  which  can  be  ascribed  to  the  animal  Fcrura  alone.  I\ 
may  perhaps  become  possible  to  obtain  the  antitoxines — e.  g,,  of  diph- 
theria, tuberculosis,  etc.,  in  the  form  of  a  chemical  sulietance  with  a 
ilefinitive  dosage,  which  can  be  obtained  at  the  druggist's.  Brieger  and 
Koux  obtained  from  ten  cubic  centimetres  of  diphtheria  or  tetanus 
serum  about  one  tenth  of  a  gramme  of  an  easily  soluble  powder  which 
contained  a  definite  amount  of  the  antitoxine. 

The  antagonism  that  exists  between  many  bacteria  probably  plays 
an  important  part  in  the  recovery  from  infectious  diseases.  The  BacU- 
Ins  Jluwescens  puti</its  (Flugge)  is.  for  example,  a  marked  anta^nist 
tn  pus  cocci,  the  pneumonia  baeillns,  and  the  typhoid  bacillus,  so  that 
implantation  of  this  bacillus  in  gelatine  renders  the  cultivation  of  pus 
cocci,  typhoid  bacilli,  and  pneumonia  bacilli  impossible  (Garre).  Paw- 
lowsky  and  Bouchard  were  able  to  save  from  certain  death  rabbits 
which  had  been  inoculated  with  virulent  anthrax  l>ac-tlli,  by  bringing 
into  the  circulation  before  or  after  infection  large  quantities  of  ery- 
sipelas cocci,  Mu^roaiccus  prodiffiogug,  or  the  bacilli  of  greenish  blue 
pus.  In  other  cases  a  certain  affinity  is  observed  between  different  kinds 
of  bacteria — i.  e.,  one  »]jecies  of  bat^teria  will  flourish  only  after  the 
nutritive  soil  has  been  properly  prepared  by  another  kind  of  Itacteria 
(so-called  symbiosis  of  bacteria).  In  this  way  weakened  liacteria  which 
are  in  a  quiescent  condition  in  the  organism  can  reach  a  high  degree 
of  virulence  by  the  invasion  of  another  species  of  bacteria  < 
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Method  of  Experimental  Transmission  of  Bacteria  from  Animal  t^ 
Animal — Under  the  heading  of  pathogenic  bacteria  which  have  ^ 
specific  importance,  we  class  those  which  are  capable  of  demonstratic^x 
in  all  cases  of  any  particular  disease,  and  in  no  other  disease,  and  are 
present  in  such  numbers  and  have  such  a  distribution  in  the  tissues  thst 
they  readily  account  for  all  the  symptoms  of  this  particular  disease. 
The  certainty  of  the  specific  character  of  a  particular  species  of  bacte- 
ria is  established  by  its  examination  under  the  microscope,  artificial 
cultivation,  and  inoculation.  If  an  animal  dies  from  a  *  bacterial  dis- 
ease, the  post-mortem  examination  is  conducted  with  the  most  rigoroM 
asepsis,  to  prevent  the  blood  and  organs  of  the  animal  from  becoming 
contaminated  with  any  other  bacteria.  The  skin  is  washed  in  a  one- 
tenth -per-cent.  solution  of  bichloride  of  mercury,  and  the  instrumente 
are  sterilised  by  passing  them  through  the  flame  of  a  spirit  lamp. 
After  the  skin  of  the  animal  has  been  suflSciently  removed,  the  abdomi- 
nal and  thoracic  cavities  are  opened  with  sterilised  instruments  which 
have  not  before  been  used,  so  that  no  bacteria  shall  be  introdncei 
Then  the  organs  are  examined  in  the  following  order :  spleen,  liver, 
kidneys,  heart,  and  lungs.  Small  portions  of  the  blood  and  spleen, 
liver  and  lungs  are  placed  in  nutritive  fluids,  and  after  the  latter  have 
been  poured  upon  culture  plates  in  the  usual  diluted  condition  before 
described,  it  will  be  possible  to  determine  whether  bacteria  are  present 
and  of  what  species  they  are.  Parasitic  bacteria  which  will  only  grow 
at  body  temperatures  are  cultivated  on  agar  plates  kept  in  a  culture 
oven.  The  colonies  which  develop  upon  the  plates  are  then  examined, 
and  it  is  determined  whether  there  are  one  or  more  species  present,  and 
which  is  the  most  numerous.  Then  follow  the  inoculation  experiniente 
of  the  pure  cultures  upon  animals,  such  as  mice,  guinea-pigs,  rabbits, 
monkeys,  pigeons,  and  dogs,  for  the  purpose  of  exciting  a  disease  sim- 
ilar ill  all  respects  to  the  primary  one.  The  inoculation  is  done  by 
simple  subcutaneous  puncture,  by  making  an  incision  and  inserting  the 
culture  beneath  the  skin,  by  placing  it  in  the  anterior  chamber  of  the 
eye,  by  injecting  it  into  the  blood-vessels  or  into  the  peritoneal  or  ab- 
dominal cavities,  by  incorporating  the  culture  in  the  food,  or  introduc- 
ing it  with  the  oesophageal  bougie,  or  by  permitting  it  to  be  inhaled, 
as  Buchner  did,  by  mixing  the  culture  with  sterilised  water  or  bouillon, 
and  then  scattering  this  by  means  of  a  spray  apparatus  as  a  fine  piist 
containing  the  bacteria. 

Intra-uterine  Transmission  of  Micro-organisms  from  the  Mother  to  tte 

Foetus. — The  possibility  of  the  transmission  of  micro-organisms  from  the 
motlier  to  tlie  ffptus  is  of  g;r(»at  patholofrioal  intei'est.  That  pathogenic  micro- 
organisms can  pass  from  the  mother  to  the  fcetus  has  been  proved  partly 
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by  cases  of  aiithrux  infection  wliich  have  occurred  in  man.  ami  iiartly  by 
esperimeuts  upon  auiiuals  (chicken  chulera,  septiciietnift  in  rabbits,  uiali);- 
naat  csdema).  Blrch'HirschfeM  has  made  a  careful  microscopic  study  of 
Uii!  placenta  in  pregnant  goats,  nibbits,  white  mice,  and  bitohee  sutFering 
from  antlinis,  and  he  found  the  bacilli  in  both  the  placenta  and  in  the  ftelal 
tissues,  but  in  very  different  amounts  in  the  different  animals  experimented 
upou.  He  alTirms  that  the  healthy  ptaceiita  will  uot  ordinarily  permit  of  the 
direct  passag^e  into  the  fcetal  circulation  of  either  finely  divided  foreign  bodies 
incapable  of  increase  in  numbers,  or  of  micro-organisms;  but  the  placenta, 
without  necessarily  undergoing  any  gross  mechanical  changes  (rupture  of 
the  chorionic  villi  or  of  t)ie  maternal  vessels,  haemorrhages),  may  become 
pervious  from  the  effecla  produced  by  the  micro-organisms  circulating 
through  it  Micro-organisms,  such  as  the  anthrax  bacilli,  can,  when  present 
in  vast  numbers,  penetrate  into  the  fcetal  portion  of  the  placenta  if  assisted 
by  alterations  in  the  tissues  forming  the  walls  of  the  blood  sinuses,  and  by 
lesions  in  the  epithelium  of  the  villi.  These  changes  can  be  brought  about 
by  the  injurious  effects  due  to  the  growth  of  the  bacteria.  (See  also  5  83, 
Tuberculosis.) 

Hon-paUu^enic  Bacteria.— C.  FrSnkel  gives  the  following  as  the  prin- 
cipal non-patliogenic  bacteria :  1,  Jlftcroci>ccu8  prodigioaua ;  2,  Bacillus  indi- 
ctm ;  3,  yellow,  white,  orange,  and  red  sarcina; ;  4.  Bacillua  viegaterium  ;  6, 
potato  bacillus;  6.  Bacillua  subtilis;  7.  Bacillus  figarana {  8,  Bacillns  acidi 
taclici;  9.  Bacilhts  butyricus,  Clostridium  biityncug;  10,  bacillus  of  blue 
milk;  11,  bacteria  of  drinking-water  {Bacilhi^  violaceua.  Bacillus  Jluvrea- 
c*ns):  13,  Bacillus  j'koapkorescens ;  12,  Bacleriiint  phoaphitrescens ;  14, 
Bacterium  termo  ;  15,  Proteus  vulgaris ;  16,  Bacillus  spinosus ;  17.  Spiril- 
lum rubriiiii;  18,  Spirillum  centrtcum-  For  further  description  of  these, 
reference  sliould  be  made  to  the  text-books  of  Flugge,  C.  FrSnkel,  mid  othera. 

Pathogenlo  Bacteria — The  pathogenic  bacteria  are  the  following :  I,  Ba- 
cillus anthracis;  2.  bacillus  of  malignant  a'dema;  3,  bacillus  of  pseudo- 
wderaa;  4,  bacillus  of  tuberculosis;  G,  bacillus  of  leprosy;  6,  l>acillus  CI)  of 
syphilis;  7,  bacillus  of  glanders  {Bacillus  mallei) ;  8.  Comma  bacillus  of 
Asiatic  cholera;  0.  F inkier- Prior's  vibrio;  10.  Deueke's  vibrio;  11,  Vibrio 
Meischnikoff ;  12,  Emmerich's  bacillus;  13,  bacillus  of  typhoid;  14,  spiril- 
lum of  relapsing  fever  (typhus  recurrens) ;  15.  Plasmodium  malariie;  18. 
Friedlitnder'a capsule  bacillus;  17.  Frdnkel's pneuvtoroccus-.  18,  bacillusof 
diphlheriti:  19,  bacillus  of  rhinoscleroma ;  80,  streptococcus  of  erysipelas; 
81.  Staphylococcus  pyogenes  aureus;  22,  and  citretts;  23,  and  albus;  24, 
Strtptococcus pyogenes  \  25. Bacillus pyocyaiieus ;  ZB.gomwoccus;  27.bacil- 
Itis  of  tetanus;  28,  bacillus  of  chicken  cholera;  39,  bttoterium  of  hemor- 
rhagic septicifniia  (rabbit  septicemia,  swine  fever);  3(1,  bacillus  of  swine 
erysipelas;  31.  bacillus  of  mouse  septicaimia ;  32,  Micrococcus  tetragenus. 
Bacterium  coU  commune,  etc. 

I  shall  refer  again  to  the  bacteria  which  are  of  the  moet  irajHtrtaiice 
from  a  siirg;ica1  standpoint  under  the  chapters  dealing  with  the  infec- 
timis  diseasen  of  wounds. 

The  Mycetoma  and  Protoeoa.— We  must  briefly  discuss  the  mycetozoa 
and  proliiuiu  whicli,  uccurding  to  the  latest  investigations,  alao  play  an  im- 


INFLAMMATION   AND  INJIIRIES. 

porUiut  part  in  the  pathotogj  of  man  and  animals.  The  mycekraoa  or  myso- 
myeeU's  are  neither  animals  nor  plants,  but  a  group  of  living  organisms 
midway  between  the  two,  lliough  nearer  to  the  amoehfe,  tlie  lowest  (onn  of 
animal  life,  than  to  the  bacteria,  or  most  elementary  planta.  The  youn^ 
inypet<woa  form  slimy  masses  of  protoplasm  Iplasmodia),  changing  later  into 
vesiclea  with  an  enveloping  membrane  containing  spores,  and  particularly 
zoospores,  which  move  about  partly  by  means 
ofa  waving  tlagellum  (Fig. '2Ti.  d,  e)  and  part- 
ly by  the  pushing  out  and  drawing  in  of  proto- 
plasmic processes  (Fig. 873. /).  Thezooapores 
multiply  for  many  generations  by  division  of 
the  cell  into  two  parts,  and  finally  two  or 
more  of  these  cells  join  and  fuse  together, 
forming  again  a  protoplasmic  body,  or  Plas- 
modium, as  it  is  called.  The  mycetozoa,  the 
chief  representatives  of  which  are  myjcomy- 
cet«s  and  the  small  group  of  acrasia.  grow 
upon  the  decaying  parts  of  plants,  alga;,  et«. ; 
they  are  typical  saprophytes,  though  some 
^    '  '  -  lead  a  parasitic  life  in  plants.    The  plasmo- 

TlMBBfti  diophora  Brassicie  produce  a  destructive  tu- 

^^^^B^^^BL  ^  mour-lilte  disease  in  the  roots  of  cabbage.    The 

•^|9|^^^^^^^  mycetozua    and    micro-organisms   related    to 

^^^^^^H^^Ha         them  are  also  pathogenic  for  man  and  anj- 
Bv  ^9^^  mals,    Koch  surmised  this  long  ago,  but  it  haa 

only  recently  been  proved. 

The  Protosoa.— The  mycetozoa  come  next 
to  the  protozoa,  which  are  usually  looked  upon 
as  the  lowest  forms  of  aninial  life,  but  are 
not  sharply  defined  from  tiie  lowest  forms  of 
plants.  The  protozoa  consist  partly  of  a  single 
cell,  jwirtly  of  several  similar  cells,  with  a  dis- 
tinct ditferentlation  of  their  protoplasms.  They  pass  through  several  stages 
of  development,  as  exemplified  by  the  amcebai.  which  are  similar  to  the 
white  blood-corpuscles,  and  which  multiply  by  division,  beginning  with  the 
nucleus. 

Leuckart  divides  the  protozoa  into  rhizopods.  sporozoa.  and  infusoria. 
The  rhizopods  consist  of  unenclose<l  protoplasmic  masses  containing  vacuoles 
and  a  nucleus.  They  multiply  by  division,  live  in  solid  nutritive  media, 
and  move  by  putting  forth  finger-like  processes  ( pseud opodia).  The  sporozoa 
move  about  like  worms,  by  expansion  and  contraction ;  they  multiply  by 
njeuns  of  spores,  and  live  as  parasites;  they  are  nourished  by  fluids  which 
liass  by  endosmosis  through  the  cuticular  envelope  of  the  cell.  The  gregarines. 
living  as  parasites  in  insects  and  worms,  belong  to  the  sporoaoon  class,  as  do 
also  the  oval  psorosperms  (coccidia.  Fig.  274),  which  lead  a  parasitic  existence 
in  mammab.  and  the  cylindrical  psorosperms,  found  in  flshes  and  amphibia. 
The  infusoria  belong  to  the  last  division  of  protozoa;  they  do  not  change 
their  shape  ;  they  posses.^  cilia  and  an  opening  which  answers  for  a  mouth, 
and  their  protoplasm  is  made  up  of  u  cortical  and  medullary  portion. 
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Ilhaa  been  proved  bj*  receut  experiments  that  both  the  m jcetozoa  snd 
pntoioa  are  pathogeaic  as  regards  man.  Qolgi,  in  Paris  (1886),  showed 
tfcil  pecuUar  amceboid  bodies  were  regularly  present  in  the  blood  during 
inUimitteDt  fever  and  malaria,  and  were  almost  always  to  be  found 
inide  tbe  red  blood-corpuscles,  in  which  they  underwent  lively  amoeboid 


Numerous  observers  have  established  the  fact  that  this  organism  can  be 
fanonslnled  in  the  blood  in  every  case  of  malaria  (the  Plasmodium  mala- 
nil.  It  has  hitherto  been  impossible  to  cultivate  the  Plaaiiiodium  malaria 


uid  extracellular 


dHtlDpraunt.  The  oval,  circular,  or  sickle-shaped  embryoe  (uporea  a  and  a')  wander  ii 
Uie  cpithBliml  cxiUii  (i),  whara  the^  grow  into  np«  coccidia  with  a  eapaule ;  those  apheni 
Mcidia  (c)  ttnallf  breali  up  aguii  into  fne  aporea  (a>j. 


ifliScially.  but  Colli  and  Harchiafava  have  produced  malaria  in  healthy 
"xliriduals  by  the  intravenous  injection  of  blood  taken  from  malarial 
pitteniB  and  containing  the  plasmodium.  This  fact  does  not  necessarily 
IWw  the  pathogenic  signiScauce  of  the  Plamiodium  malaricB,  but  it  has 
>Nii  established  beyond  a  doubt  by  other  experiments  that  this  organism  is 
tie  real  cause  of  the  malarial  fever.  It  has  also  been  proved  that  some  severe 
trois  of  dysentery  are  due  to  a  peculiar  amoeba  {Kartalis,  in  Virch.  Archiv, 
Bi  105.  p.  6S1>.  and  molluscum  contagiosum  to  a  species  of  Plasmodium. 
Tbrre  have  also  been  found  mycetozoa  and  protozoa  within  the  cells  in 
*>rious  skin  diseases,  cutaneous  ulcers,  and  malignant  tumours.  In  fact, 
■urama  and  carcinoma  are  probably  caused  by  protozoa  (sporozoa;).  Among 
tluiatMt  investigations  in  this  direction  those  of  Jiirgens  deserve  especial 
Utention  (see  Tumours).' 

S  60.  Gfln«nl  Aemarka  oonoeming  Xqjiirie& — The  injuries  of  tlie 
lumMi  body  are  divided  into  two  main  groups :  injuries  with  and  in- 
jnriea  without  intermption  of  the  continuity  of  tlie  external  coverings 
*f  the  body,  incladiag  both  skin  and  mucous  membmne.  Tlie  f()rmer 
tliMwe  designate  as  open  bleeding  injuries,  or,  in  short,  as  wounds; 
tbe  latter  as  bloodless  or  snbcutaneous  injuries.  Tliis  distinction  is  of 
'^  greatest  practical  importance,  since  the  iirognosia  of  any  injury, 
*  See  also  Phitlet,  Die  Prntozoco  als  Krariklieilserreger. 
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apart  from  the  influence  of  the  particular  portion  of  the  body  involve 
is  chiefly  dependent  upon  whether  the  overlying  skin  or  mucous  mem 
brane  has  been  divided  or  not.  Every  open  wound,  be  it  ever  so  smal 
— for  example,  the  prick  of  a  needle — may  be  the  cause  of  an  infectioiu 
wound  disease,  and  under  these  circumstances  may  prove  fatal  to  tb 
patient.  It  must  always  be  borne  in  mind,  as  we  have  learned  in  §  69, 
that  the  micro-organisms  which  are  everywhere  present  outside  the 
body  may,  by  their  admission  to  any  wound,  give  rise  to  the  gravest 
dangers.  This  cannot  occur  in  subcutaneous  injuries  where  the  pro- 
tecting skin  and  mucous  membrane  remain  intact  and  ordinarily  pre- 
vent the  entrance  of  these  noxious  bodies  into  the  system.  The  aim 
of  the  modern  method  of  treating  wounds  is  directed,  as  it  should  be, 
towards  keeping  out  of  the  wound  all  injurious  substances,  including 
ba<?teria,  and  towards  rendering  them  innocuous  in  case  they  have 
gained  entrance.  A  probe  or  a  finger  which  has  not  been  disinfected 
may  cost  the  patient's  life.  In  the  chapter  on  Fractures  we  shall  see 
that  in  the  pre-antiseptic  periods  of  surgery  the  course  of  subcutaneouft 
fractures  was  entirely  different  from  that  of  fractures  complicated  bj 
wounds  of  the  skin.  It  was  in  the  treatment  of  this  latter  class  of 
injuries  that  Joseph  Lister,  the  great  reformer  of  modem  sui^iy, 
began  the  practical  application  of  his  antiseptic  or  antibacterial  method 
of  treating  wounds.  Now  we  are  enabled  to  keep  a  fresh  wound  free 
from  all  injurious  substances — in  other  words,  to  prevent  all  iufectioM 
wound  diseases — and  to  bring  about  a  cure  of  a  great  number  of 
injuries  which  in  the  pre-antiseptic  days  would  undoubtedly  liave 
proved  fatal. 

According  to  the  cauaation  of  the  injury,  we  distinguish  betweai 
injuries  due  to  mechanical  violence  and  those  due  to  thermal  (burning, 
freezing)  or  chemical  influences  (cauterisation).  Subcutaneous  injuries 
are  produced  by  blows  with  blunt  instruments,  or  falls,  while  opCTi 
wounds  are  caused  by  blows  with  more  or  less  sharp  instruments,  and 
take  the  form  of  punctured,  lacerated,  incised,  contused,  or  gunshot 
wounds,  etc.  All  wounds  due  to  blows  with  blunt  instruments  are 
more  or  less  contused  wounds — that  is,  the  borders  of  the  wounds 
suffer  a  more  or  less  extensive  crushing  or  necrosis  as  a  result  of  the 
violence  used. 

The  pure  incised,  stab,  and  punctured  wounds  are  simple  woundu, 
while  the  lacerated  and  contused  wounds  are,  as  we  shall  see,  compli- 
cated wounds.  The  condition  of  the  borders  and  the  depth  of  the 
wound  are  matters  of  great  practical  importance.  If  a  wound  pene- 
trates into  a  joint  or  into  one  of  the  large  cavities  of  the  body,  such  »J 
the  cranial,  thoracic,  or  peritoneal  cavities,  we  call  it  a  penetratini 
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>Tind.     If  a  portion  of  tissue  is  completely  cut  or  torn  from  its  con- 
actions  by  violence,  a  wound  is  formed  with  loss  of  substance;  but  if 
he  portion  of  tissue  still  retains  some  of  its  connections  with  the  sur- 
rotrnding  parts,  there  results  what  is  called  a  flap  or  peel  wound.     A 
wound  which  is  clean,  not  poisoned  and  not  infected,  is  distinguished 
from  one  which  is  unclean,  poisoned,  and  infected.     We  count  among 
imclean  wounds  all  those  in  which  there  is  present  any  foreign  body 
whatsoever,  such  as  dust,  sand,  dirt  of  every  description,  portions  of 
dothing,  bullets,  powder  grains,  etc.     Wounds  affected  with  any  one 
of  the  infectious  wound  diseases  belong  to  the  class  of  infected  wounds 
(inflammation,  suppuration,  erysipelas,  wound  diphtheria,  septicaemia, 
etc.).   The  wounds  produced  by  bites  of  snakes,  insects,  etc.,  are  infected 
bj  animal  poisons. 

The  symptomatology  and  treatment  of  injuries  vary  greatly,  accord- 
ing to  the  portion  of  the  body  involved  and  the  anatomical  peculiari- 
ties of  the  injured  tissues.  Consequently  we  divide  injuries  of  the 
human  body  into  injuries  of  soft  parts,  of  bones,  and  of  joints,  and 
their  symptomatology  and  treatment  will  be  discussed  later  on.  We 
ihall  first  give  a  general  outline  of  the  anatomical  changes  occurring  in 

the  healing  of  a  wound. 

« 

Bailway  Injuries. — A  very  severe  and  common  class  of  injuries  are 
incurred  from  collisions  between  railway  trains.  Tardieu,  Vibert,  and  others 
have  recorded  their  valuable  experiences  on  this  subject,  particularly  Vibert, 
who  gave  a  report  of  four  hundred  persons  injured  in  a  railway  accident 
itCharenton.  The  occupants  of  the  train  which  moves  the  most  rapidly 
«nffer  the  worst  and  most  numerous  injuries.  Upon  those  who  die  instantly 
without  exhibiting  any  external  injury  many  punctiform  haemorrhages  are 
^oond,  mostly  about  the  head  and  upper  portions  of  the  body,  similar  to 
those  which  occur  in  fracture  of  the  base  of  the  skull.  Bad  fractures  and 
injuries  to  the  soft  parts  are  found  chiefly  on  the  lower  extremities,  unless 
the  victims  protect  themselves  in  time  by  rising  from  their  seats.  Not  in- 
ftequently  the  lungs  are  injured  (haemoptysis)  by  contusion  or  crushing  of 
the  thorax,  and  there  may  also  be  injuries  of  the  abdominal  viscera.  Very 
<rften  the  patients  suffer  grave  disturbances  of  the  central  nervous  system — 
loB  of  sleep,  headache,  alterations  in  their  mental  condition  of  a  partly 
ttdtable,  partly  melancholic,  depressed  type,  disturbances  of  digestion,  loss 
of  memory,  easily  excited  intellectual  fatigue,  great  suticeptibility  towards 
stimulants  (alcohol,  tobacco),  maniacal  conditions,  auditory  disturbances, 
photophobia,  paralysis  of  accommodation,  disturbances  of  smell  and  taste, 
pttaesthesia  of  the  sensory  nerves,  anaesthetic  areas,  particularly  wlien  tliere 
*s  an  organic  lesion  of  the  brain,  muscular  tremor,  motor  weakness,  esi)e- 
^ly  in  the  legs,  paralyses,  disturbances  of  circulation  and  respiration,  and 
I  *>H!reasing  cachexia.  The  patient  exhibits,  in  some  cases,  every  symptom  of 
!  pwalytic  dementia.  All  these  nervous  phenomena  are  groui)ed  togetlier 
^er  the  name  of  traumatic  neuroses.    They  are  particularly  liable  to  make 
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their  appearance  after  concussion  of  the  brain  and  spinal  cord,  and  soiq 
times  are  caused  by  relatively  slight  accidents.  In  the  majority  of  cases 
is  a  psychosis  and  neurosis,  similar  to  hysteria,  without  actual  changes  iu  tl 
central  nervous  system  (Charcot,  Striimpell).  Albin  Hoffmann  has  correctl] 
pointed  out  that  a  traumatic  neurosis  is  of  much  less  frequent  occurrence  ii 
individuals  previously  perfectly  healthy  than  has  hitherto  been  supposed; 
the  number  of  malingerers  is  large,  and  is  steadily  increasing  since  the 
accident  law  went  into  effect.  In  the  minority  of  the  cases  there  do  oocin 
projSfressive  pathological  changes  in  the  central  nervous  system  as  a  direct 
result  of  the  accident.  The  prognosis  of  these  cases  is  very  unfavourable; 
they  often  lead  to  chronic  disease  of  the  cortex  of  the  brain :  less  frequently 
it  is  located  in  the  spinal  cord.  The  English  physicians  have  given  the 
name  of  railway  spine  to  the  secondary  diseases  of  the  central  nervous 
system  following  railway  accidents.  The  treatment  of  traumatic  hysteria, 
or  railway  spine,  belongs  to  the  province  of  the  neurologists. 

Dynamite  Exploiioiui  (i.  e.,  the  union  of  nitro-glycerine  with  silicic  acid 
in  different  proportions)  give  rise  to  very  severe  injuries.  Owing  to  the 
rapidity  of  the  explosion  the  wounded  do  not  suffer  any  burns,  but  the 
wounds  are  very  red,  bleed  a  good  deal,  and  either  resemble  incised  woundi 
or  they  are  badly  lacerated.  Hairy  portions  of  the  body  have,  in  come- 
quence  of  the  action  of  the  acid,  a  white  colour,  and  are  not  black,  as  in 
explosions  of  powder.  The  injuries  to  the  bones  are  extremely  severe,  the 
fragments  being  scattered  throughout  the  body.  Pieces  of  the  metacarpal 
bone  have  been  found,  for  example,  in  the  thorax,  and  a  torn-off  fing^naii 
in  the  body  of  the  first  vertebra  (Rochard).  The  eyes  not  infrequently  suffer 
severe  secondary  disturbances. 

§  61.  The  Anatomical  Phenomena  in  the  Healing  of  a  Wound.— The 

anatomical  phenomena  manifested  in  the  healing  of  wounds  have  been 
studied  chiefly  l)y  Thiersch,  Gussenbauer,  Recklinghausen,  Ziegler, 
Marcliand,  and  others.  We  distinguish  two  kinds  of  repair  in  » 
wound:  (1)  the  direct  primary  agglutination  of  the  divided  parta^ 
called  healing  per  primam  inientioTiem ;  and  (2)  the  repair  of  » 
wound  by  the  formation  of  granulation  tissue,  or,  in  other  word8» 
repair  accompanied  by  suppuration,  called  healing  per  secundam  »«- 
tentlonem. 

Healing  per  Primam  Intentionem. — Healing  by  primary  intention 
takes  place  iu  all  fresh  aseptic  wounds,  particularly  in  those  produced 
in  the  course  of  an  operation,  the  borders  of  the  latter  class  (operation 
wounds)  being  held  by  the  stitches  in  continual  contact  until  they  ad- 
here together.  Those  wounds  which  are  treated  aseptically  heal  mow 
rapidly  than  those  treated  antiseptically — that  is,  than  the  wounds  irri 
tated  by  antiseptic  solutions  (bichloride,  carbolic  acid,  etc.). 

Macroscopic  Phenomena  in  Healing  by  Primary  Intention. — D^ 
macroscopic  plienoinena  manifested  in  the  healing  of  wounds  jKMriW 
Diam  inteiUlonein  are  briefly  as  follows :  We  ordinarily  find,  in  tl 
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fot  place,  that  the  borders  of  the  wound  become  agglutinated  by  a 
eoagaluni  made  up  of  blood  and  lymph.  During  the  next  four,  six^ 
or  eight  days  the  union  of  the  wound  is  definitely  established,  the 
coagulum  in  and  around  the  wound  space  becoming  replaced  by  new 
cells  and  blood-vessels,  the  former  of  which  gradually  change  into  the 
fibrillar  connective  tissue  making  up  the  cicatrix.  In  the  case  of 
small  wounds,  or  slight  losses  of  substance,  there  is  usually  developed 
as  a  result  of  the  coagulation  of  the  blood  and  lymph  a  crust,  beneath 
which  the  complete  healing  of  the  wound  is  accomplished  (healing 
nnder  a  scab,  see  page  180).  The  skinning  over  of  the  wound  proceeda 
from  its  borders  by  proliferation  of  the  cells  of  the  rete  Malpighii 
and  of  the  sebaceous  glands,  if  the  latter  still  exist  in  the  surface  of 
the  wound.  The  young  cicatrix  at  first  forms  a  fine  red  line,  which 
subsequently  becomes  gradually  whiter  and  softer.  The  cicatrices  of 
many  wounds  which  unite  by  primary  intention  disappear  in  course  of 
time  more  or  less  completely. 

Healing  by  Secondary  Intention. — The  healing  per  secundam  inten- 
Umerfij  with  the  formation  of  granulation  tissue,  takes  place  in  badly 
contused  wounds,  or  where  there  has  been  a  loss  of  substance  and  it 
bag  been  impossible  to  obtain  direct  adhesion  of  the  divided  tissues 
with  the  aid  of  stitches,  and  also  in  wounds  which  have  been  neglected 
and  not  treated  aseptically,  and  in  wounds  which  have  been  infected 
by  micro-organisms. 

Hacroaoopio  Phenomena  in  the  Healing  of  Wounds  by  Secondary  In- 
taatioiL — Macroscopically,  the  phenomena  which  take  place  in  this 
form  of  healing  of  a  wound,  involving,  for  example,  vascular  soft  parts, 
are  somewhat  as  follows :  Until  the  expiration  of  about  twenty-four 
bonrs  after  the  reception  of  the  injury  the  various  tissues  exposed  in 
the  surface  of  the  wound  are  clearly  distinguishable  from  one  another, 
later  on  the  outlines  of  the  various  tissues  in  the  wound  are  obscured 
by  a  gelatinous  covering,  and  the  wound  secretes  a  reddish-yellow  fluid, 
*  mixture  of  blood  serum  and  lymph.  After  about  two  to  three  days 
the  greyish-red  gelatinous  wound  surface  begins  to  take  on  a  granular, 
red  appearance,  and  the  wound  begins  to  granulate,  or  to  fornj  vascu- 
lar cellular  germinal  tissue  called  granulation  tissue,  from  which  there 
i  ordinarily  produced  an  exudate  containing  a  great  quantity  of  round 
cells — ^in  other  words,  pus. 

In  contused  wounds  with  destruction,  or  rather  necrosis,  of  the 
tissues,  the  dead  portion  of  the  tissues  is  first  cast  off  by  the  process  of 
^Dulation  ;  the  wound  "  purifies  itself."  Under  these  conditions  heal- 
ng  without  profuse  secretion  or  suppuration  is  more  likely  to  occur  the 
OOBBT  after  the  injury  the  wound  is  disinfected  and  dressed  aseptically. 
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The  Bkinniiiff  Over  of  a  Qroiialatiiig  Wound. — The  coveti 
a  granulating  earface  with  ekin  proceeds  gradually  from  t) 
of  the  wound,  and  is  accompanied  by  a  siraultaneous  shrink 
granulation  tissue.  If  the  cutis  has  not  been  entirely  de 
there  are  still  traces  of  the  Malpighian  gtratum  present,  or 
thelium  of  the  sebaceous  glands  is  intact,  the  remains  of  t) 
tures  will  form  the  starling  points  witliin  the  granulating 
which  skin  will  spread  outwards  over  the  granulating  sui 
cicatrices  which  are  accompanied  during  their  formation  b 
tion  are  thicker,  broader,  and  more  unsightly  than  the  8) 
cicatrices  resulting  from  primary  union. 

All  wounds,  even  those  produced  in  au  aseptic  operation  anc 
have  healed  aseptically.  contain  hacteria.  The  secretion  iu  the 
the  diminished  power  of  absorption  of  the  latter  are,  however 
fac'tont  in  the  prevention  of  the  invasion  and  further  developn 
teria.  Furthermore,  we  know  that  the  blood,  particularly  the 
uislies  protection  to  the  organism  against  bacteria. 

Hutol(^:ical  Pbenomena  in  the  Hetling  of  Wounds. — The  n. 

nomena  which  take  place  in  the  repair  of  a  wound  involv 
lar  tissue  is  practically  the  same 
whether  the  wound  heals  with  the 
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of  the  livpr;  ^  blooiii-lnt  in  tho  defi-ct. 
CoiiinK'ticiiiifcoUevtinnof  imiulvrinirt'uU^ 
in  tlie  bonltiK  of  tlic  wound. 


II  ilciiil.  Imrdeiicd  jArw  of  li 
wbkli  had  lip«n  impUnteil ' 
jiR'i'iiiitionfl  in  the  ahiloniii 


formation  of  pus  or  «'ithout  it.     Healinp  by  primary  intent! 
acterised  by  the  formation  of  a  miniuiiun  amount  of  gerin 
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wting  the  borders  of  the  wound  wliile  in  liealing  hy  wK-oiidary  mten 

tiro  tie  aiuonnt  of  germinal  tissue  is  much  more  c  »H8iderat  le      After 

ttery  n-oiind,  no  matter  how  free  the  healmg  raaj  be  from  reaction, 

tl«fe  foIJows  an  in 

6iQmatiun    in     the 

fai«e    descrihed    in 

^sf),  and  as  a  result 

<rf  this  there  ie  a  eel 

hilar  infiltration   of 

llie  iKirdere   of   the 

Tminti  with  wander 

ing  cells  (Fig.  275) 

ThiseellnUr  iufiltra 

tioQ  of  the  borders 

of  the  wound  atead 

ilj   progresses,    ad 

nncing   by  degrees 

bill  the  wound,  and 

tikiog  the  place  of 

tlie  blood  coagulnm 

vliich  is  present  (Fig. 

M).     Id   cases  of 

pnoonnced  inflammatorj  infiltration  of  the  borders  of  tlie  wound  the 

(MtiKaefl  Id  the  immediate  neighbourhood  are  more  or  less  completely 

JMtroj^ed  by  fatty  degeneration.     On  about  the  third  day  the  wound, 

I  tttbe  wonnd  cleft,  will  be  foond  filled  with  a  tissue  consisting  almost 

I  OthiBvely  of  round  cells,  with  a  very  small  Hmount  of  intermediate 

i  iilitaace,  while  here  and  there  are  scattered  the  remains  of  the  blood 

oagnlDDL     lAter  on  there  will  be  fonnd  large  epithelioid  cells  (Figs, 

'  iTT,  9T8),  the  actual  formative  cells  of  tlie  granulation  tissue  or  cica- 

Mi—Alnobksta  as  they  are  called — which  change  into  the  fibrils  of  the 

fliriUw  oODnectire  tisane  (Fig.  278,  a).     I  used  to  believe  that  these 

tomutiTe  cells  were  direct  descendants  of  the  emigrated  white  blood- 

^wpoicles,  bot  recent  discoveries  have  forced  me  to  abandon  this  view 

H  ineonect,  and  I  have  come  to  the  conclui^ion  that  ThicrRch,  Reck- 

HtliMwn,  and  others  are  right  in  stating  that  the  original  fixed  oon- 

■wtive-tissne  cells  and  the  endothelinm  of  the  vessels  are  the  ei^eetitiiil 

fwow  in  the  formation  of  the  cicatrix.     Ziegler  has  also  recently 

"opted  this  view.     Nuclei  in  different  stages  of  diviMion  can  lie  dcm- 

^nrtrated  in  the  fixed  eonnective-tissne  cells  and  the  endotlielium  of 

J^  ^'*ieh  as  they  undergo  rapirl  proliferation.     The  newly  formed 

^^'"elle  can  also  become  wandering  cells.     The  regenerative  pro- 


FlO.  an.— Wound  in  tho  ki  Jnoy  on  tha  fourth  d»y.  LsrKO  f<ina«- 
tive  cell«,  vBrrmg  in  8]ia|>e  iA|.  a.  KxlntvuBalioii  of  blood, 
with  here  and  ihora  niius«i>  of  protaiiluitiiii'  furniucive  luata- 
ri>l  (c)  [irodui-ed  by  a  Tusiiju  of  the  wliitu  bliiod-corjiusclcii. 
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eessee  within  the  iojured  organs  are  likewise  carried  on  bj  the  fizc 
tissue  cells.  The  connective-tiBsne  cell  always  gives  rise  to  a  ne- 
connective-tissue  cell,  an  epithelial  cell  to  an  epithelial  cell,  bnt  a  con 
nective -tissue  cell  is  never  formed 
from  an  epithelial  cell,  or  vice  nr- 
«a.  The  leucocytes  present  eitba 
perish — i.  e.,  are  either  absorbed  \ij 
the  growing  tissue  cells,  partiix- 
larly  the  polynuelear  leucocytet- 
or  they  wander  back  into  the  or- 
culatiou  as  in  inflammation.  Oa 
the  other  hand,  I  believe  that  eoms 
of  the  protoplasm  of  the  waode^ 
ing  cells  is  employed  as  cell  nule- 
rial  in  Doth  the  scar  fonnadon  u>d 
the  regenerative  processes  carriad 
on  in  the  original  fixed  tissue  celb. 
I  am  unable  to  say  whether  tin 
white  blood-corpuscles  can  tbein- 
selves  form  fibrillar  connective  ti^ 
sue  when  the  circulation  is  suffi- 
ciently active,  for  example,  in  » 
granulating  wound ;  but  their  im- 
portance in  this  respect  is  nintli 
less  than  that  of  the  fixed  tiow 
cells — i.  e.,  the  cells  of  the  conn» 
tive  tissue  and  the  endothelium  (f 
|[  the  vessels  which  have  been  tlen- 
onstrated  to  be  the  real  prodnem 
of  the  Bcar  and  are  called  fibro- 
blasts.  Reinke  and  others  belief* 
that  further  development  is  possible  in  those  wandering  cells  whtd 
make  their  appearance  after  the  proliferation  of  the  fixed  cells  h» 
begun,  and  which  exhibit  ^rcut  vital  energy.  Ribbert  considen  it 
prol>a1>le  that  the  lymphogenic  leucocytes  with  a  single  nucleus  m 
capable  of  taking  part  in  the  formation  of  new  connective  ti»M 
by  helping  to  cover  over  the  lymph  cavities  and  spaces  with  endo- 
thelium. 

New  Formation  of  Tissue  according^  to  Ziegler,  Marchand,  TilliuaiiL' 
Ziegler  was  tlip  lirst  to  niiikc  an  cxhaiistivi'  study  of  tlic  manner  in  whie 
n«w  tissue — the  lihrillHrv  cuniici'tivc  tiiwno — is  formed.  He  fitted  togrtbi 
two  piiMTcs  of  glasH.  about  ten  to  twenty  millimetres  long  and  ten  niilUmetr 


^la.  218.— Fidli  day  ;  ■  piece  of  hardened  liver 
witli  u  (lerecC  in  the  middle;  iar^u  Ibrma- 
tivB  celJH  which  have  developed  tram  Hied 
tiMUB  Delii>;  <i,  clearly  defined  tllirjllary 
connective  tinsuo   formed   fro 

witli  cotntnenciiii:  dilTerentintion  Keen  by 
the  appearatioii  of  Inrxer  nuclei;  r,  solid 
iproutii  from  the  vcxtieU ;  d,  blood-vcasel. 
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broad,  and  made  them  adherent  to  each  other  at  the  corners  with  porcelain 
eement,  leaving  an  empty  space,  accessible  by  capillarity  from  the  sides,  into 
which  the  white  blood-corpuscles  and  the  lymphatic  fluid  could  penetrate 
i/ter  the  glass  plates  had  been  placed  beneath  the  skin  or  periosteum  or 
inside  one  of  the  cavities  of  the  body  of  an  animal.    The  plates  were  left  in 
place  inside  the  animal  from  ten  to  twenty-five  to  fifty  days,  and  when 
removed  were  gently  washed,  and  then  placed  for  two  days  in  a  0.1-per-cent 
flolation  of  hyperosmic  acid,  after  this  in  spirits  of  glycerine,  and  finally  in 
pore  glycerine.    My  own  method  consists  in  hardening  in  absolute  alcohol 
pieces  of  lung,  liver,  and  kidney,  measuring  about  one  cubic  centimetre,  and 
making  holes  and  notches  in  them,  and  then  placing  them  with  every  anti- 
septic precaution  in  the  peritoneal  cavity  of  a  rabbit.     Sections  are  after- 
wards cut  from  these  specimens,  and  when  examined  under  the  microscope 
will  give  a  very  beautiful  picture  of  the  new  formation  of  tissues.    Ziegler 
cune  to  the  conclusion  that  the  emigrated  white  blood-corpuscles  undergo 
farther  development,  and  form  fibrillar  connective  tissue  if  there  is  a  suffi- 
dent  circulation  of  lymphatic  fluid,  and  especially  if  enough  nutrition  is 
supplied  by  the  development  of  new  vessels.     Ziegler  has  also,  like  myself, 
modified  this  view.    We  now  know  that  in  Ziegler's  glass  plates,  and  in  my 
pieces  of  dead  tissue,  the  new  tissue  is  chiefly  developed  from  the  cells  of  the 
newly  formed  vessels.    Salzer  has  also  made  recent  investigations  upon  the 
bealing  up  iu  a  wound  of  foreign  bodies,  and  Marchand  particularly  has 
made  some  very  valuable  experiments  both  in  the  healing  in  of  foreign 
bodies  and  in  the  new  formation  of  tissue.     Marchand  employed  chiefly  bits 
of  sponge,  cork,  elder- wood  pith,  and  pieces  of  lung  and  liver  injected  with 
blue  gelatine,  which  he  buried  in  the  peritoneal  cavities  of  guinea-pigs  and 
nbbits.    After  four  to  seven  hours  a  development  of  a  network  of  fibrin 
»od  an  emigration  of  numerous  leucocytes  took  place.    After  twenty-four  to 
thirty  hours,  and  later,  the  foreign  body  became  intimately  connected  with 
fte  peritonaeum,  and  within  it  were  found  new  cell-forms  derived  from  the 
fixed  elements  in  the  neighbourhood,  these  cells  being  mostly  spindle-shaped, 
»ith  large,  elongated  nuclei,  though  round  cells  are  also  present.    All  these 
«11«  spring  from  the  endothelium  of  the  peritonaeum,  the  fixed  connective- 
tiarae  cells,  and  the  cells  of  the  walls  of  the  vessels,  etc.,  in  which  the  nuclei 
•re  seen  forming  variously  shaped  figures  in  the  process  of  their  segmenta- 
^.  There  are  also  present  giant  cells,  often  having  an  extraordinary  num- 
ber of  nuclei.    The  giant  cells  are  formed  by  the  fusing  together  of  fixed 
tissue  cells,  and  possess  the  power  of  absorbing  leucocytes ;  but  they  exhibit 
Bo  progressive  development,  and  later  on  perish  by  fatty  degeneration.    Giant 
cells  are  only  found  in  those  foreign  bodies  (bits  of  sponge,  elder  pith)  whose 
ibaorption  presents  difficulties ;  and  Marchand  did  not  discover  them  in  the 
pieces  of  lung,  as  the  tissue  of  which  it  consists  is  readily  destroyed,  and  can 
be  absorbed  by  the  leucocytes.     The  granulation  cells  are  likewise  the  ofif- 
i^'ng  of  the  fixed  tissue  cells,  and  not  of  the  single  or  polynucleated  leuco- 
cytes.   Moreover,  the  offspring  of  the  fixed  tissue  cells  very  often  become 
rendering  cells.    Marchand  saw  segmentation  figures  in  the  nuclei  of  the 
Dononuclear  leucocytes.     The  polynucleated  leucocytes  develop  from  those 
rith  a  single  nucleus,  and  are  retrogressive  in  nature.     The  leucocytes  take 
o  part  in  the  formation  of  new  tissues,  but  they  do  take  part  in  the  forma- 
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tion  of  fibrin  wliicli,  according  to  Marcliand,  ia  produced  by  substimces  lib^s^, 
ated  by  the  death  of  the  white  blood-corpuacles.     (See  also  page  897.) 

Sherrington  and  Ballauce  maintain  that  the  cicatrix  is  fumied  from  LI0 
cells  of  the  plasma,  Diese  cells  being  supplied  with  nouFiahmenl  by  the  proto- 
plasm of  the  white  blood-corpuscles.  According  to  Gniwitz,  the  so-callej 
dormant  cells  play  an  important  part  in  repair.  These  are  cells  which  m 
previously  invisible  in  the  basement  substaoce  of  the  tissues  and  suddeolj 
become  visible — i.  e.,  develop  anew  when  the  process  of  repair  begins.  Tbe 
multiplication  of  these  dormant  cells  gives  rise  to  embryonic  germinil 
tissue,  from  which  the  uew  tibrillary  tissue  of  the  scar  is  formed.  (Seeiba 
page  293.) 

The  Fonnation  of  Fibrillar  ConneotiTe  Timteh — Ziegler's  and  mj 
own  ex  peri  I II  en  te  eliow  that  the  fibrillar  connective  tiaene — or,  in  otha 
wordu,  the  cicatrix — k  formed  from  the  fibroblasts  id  the  following     j 
way    The  fur  iiative  telU  are  at  first  round  and  then  enlar}^  and  IwA 

like  large,  n^ind 
epithelmm  orthej 
are  more  elon^t  , 
ed  or  poeaese  one 
or  Diore  procesM, 
/      ^  1    3^    1^    _T  y      some       becomiDg 


I                           ^tJ'  bo  me         uecuunug 

J    '           ^   ^       SlI  i*  8p  ndle  shaped  otb 

»             t         *   ^  L  I  ft  ^™  ''''''»  shaped   M 

^^1  " 


tliej      may     taa 
Ma  i        if  ^    1/     branehmg  cells  or 

Fa    2T»      Wou         n  tho       e      n  the  Btage  of  «    a  niu  oD  Moth      polTDtlclear       eunt 
da)    «,\ou  g      an   n  tuwu     i      0    uauvub    h  liaa  pu-  ,,       — ,, 

■I      uUiyn      Bjtl^uuunnh    neghbou  bood  of       CellS      1  tie  prOCesea 

pic/"  '"''  """■"  Buy  rcd«iJ  -ho  boodco  pepeatedlv  anwto- 
mose  w  th  one  w 
other  Tl  e  n  1  1  er  of  the  large  format  ve  ccIIb  then  rapidlj  mcreias, 
and  lu  ceitam  localities  they  lie  cluse  together.  The  fibrillar  tissue  is 
formed  in  part  directly  from  the  protoplasm  of  the  formative  cell*, 
and  is  consequently  intracellular  in  its  origin,  or  it  comes  from  * 
homogeneous  intercellular  ground  substance  or  stroma  which  has  p»- 
viouiily  developed  from  the  formative  cells.  In  the  intracellnlar  fibw- 
foriimtiou  fibres  make  their  appearance  on  one  or  both  sides  of  a  celli 
or  at  one  extremity  of  it,  or  in  a  process,  and  unite  with  the  fibres  of 
the  adjoining  cells.  The  nucleus,  together  with  a  portion  of  the  pro- 
toplnsin  of  the  formative  cell,  persists  as  a  fixed  eonneetive-tissne  ceB 
{Fig^.  ^7S,  rt,  :;79).  Tlie  direction  taken  by  the  fibres  is  usually  the 
same  over  a  coTi.-iidenilile  area,  the  formative  cells  playing  no  jiart  in 
determining  the  direction  of  the  fibres.  As  illustrated  in  Fig,  279,  tl« 
cicatri.\  is  in  the  beginning  riUi  in  large  elongated  cells,  the  remains  of 
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the  earlier  format  ve  eel  a,  wh  cb  d  part  I  econ  e  changed  fi  res 


\  ns  eubseq  e 


he 


The  size  of  I  ese  cellalar  n 
I   tiiSDe  beooineo  tb  ck 
er,  and  the  c  catnx 
is  complete    (Figs 

lev    TonnatioD 

rffdwli.— The  for 

iiutioD  of  lie  V  vea 

eels  proceeds   hand 

b  liaod    with    the 

ihoTe-descrihed  t  s 

ne  foriitatioD       In 

Cict  it   is  this   tha 

itatlerH  possible  the 

furtberdevelopmen 

of  the  accumu  ated 

formativccella    and 

the  cells  of  the  new 

It  formed     vessels 

ilio  contribute  very 

ewenCiaUy  to  the  formation  of  the  new  tiss  le  wl  icl   makes  up  tl  e     C8 

trii.    In  the  earliest  stages    n  tl  e  repair  of  a    vound  tht  format  v 

tA\i,  or  the  cells  of  tl  e  granula 

tion  tissue,  receive  tbeir  nutriment  rffcf^  i  " 

^^    '  I 


ft*  SSI— Seven  we  nlh  day ;  a  nt 
10)  in  ■  piece  of  n  dead  n 
't)  inipluited  withiu  Che  abd  n 
iljofambbit. 


rom  the  stream  of  plasma  escaping  from  the  ve-ssels  in  the  neiglibour- 
ood.  As  Thiersch  has  shown,  this  intercellular  circulatory  system  can 
;  injected  through  the  blood-vessels.     But  this  arrangement  for  sup- 
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plying  nutrition  to  the  cells  is  only  temporary,  and  the  formation 
new  blood-vessels  is  required  for  the  further  process  of  repair  in 
wound. 

The  development  of  new  blood-vessels  is  the  result  of  an  actc 
sprouting  from  the  walls  of  pre-existing  vessels  (Figs.  278,  283,  2S: 
There  is  first  noticed  on  the  external  surface  of  a  capillary  loop  a  grai 
ular  accumulation  of  protoplasm,  which  gradually  enlarges  (Fig.  281 
a,  bj  c)  and  grows  into  a  solid  protoplasmic  filament,  which  contains  / 
nucleus.    This  protoplasmic  filament,  simple  (Fig.  283,/*)  or  branched 

(Fig.  283,  d,  e,  fy 
joins  either  with  the 
wall  of  another  ves- 
sel, or  unites  with  an- 
other similar  eproni 
advancing  in  the  op 
posite  direction  anc 
springing  from  an 
other  similar  capil 
lary  loop  (Fig.  283 


Fio.  283.— Development  of  blood-vessels  by  buddinjr ;  different  forms  of  buds,  a,  6,  tf,  P** 
stages;  </,/,  ^^  simple  and  branch'mfir  solid  buds;  «,  vascular  bud  which  i8  being  made  bel- 
low and  which  already  contains  blood-corpuscles. 


d^  y,  {/)•  There  are  also  formed,  not  infrequently,  protoplasmic  fi'** 
ments  which  turn  back  in  an  arch  to  the  same  vessels  from  which  thej 
started.  Furthermore,  processes  from  the  spindle-  or  club-shaped  oi 
branching  formative  cells  of  the  intercapillary  tissue  join  with  tb 
sprouts  from  the  walls  of  the  vessels,  and  thus  the  material  in  th 
formative  cells  helps  in  the  formation  of  the  new  blood-vessels.  Aft 
a  certain  length  of  time  the  originally  solid  protoplasmic  filamer 
become  hollow  from  liquef action  of  their  interior,  giving  rise  to 
open  comma nieation  with  the  mother  vessels,  while  the  daughter  v 
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mis  become  more  and  more  hollowed  out  aud  graduallj  filled  with 

blood  from  the  mother  vessels.     Not  infreqaeDtly  an  open  pouch  {Fig. 

M  i)  develops  at  the  very  outset  from  the  wall  of  the  vessel,  gradu 

iSij  tiperuig  off  into 

1  filsment  of   proto 

plasm     The  walls  of 

tlie  daughter    vessel, 

lite  newly   developed 

opiUary,   are   at  first 

liomogeneous,  later  on 

DDclei  are  added,  and 

thej  take  on  a  plain 

Ijtecognisable  cellular 

stnicture  conbisting  of 

Bit  cells   (endothelial 

cells).       Subsequently 

the  iralls  of  the  vessel 

■restrengthened  mate 

nallv  by  the  formative 

«ellg  in  the  ueighbonr- 

Iwod. 

The    above-  men- 
HoQedprotoplasmicfil- 

ttnnts  shooting  ont  from  the  walls  of  the  vessels  arc  made  up  partly 
^  the  cells  of  the  vessel  walls,  and  partly,  as  I  believe  I  have  ol>- 
wired,  of  white  blood-corpuscles  which  have  passed  through  tlie  capil- 
lary wall.  At  a  later  period  a  shrinkage  takes  place  in  the  newly 
fonned  connective  tissue  of  the  cicatrix,  and  a  portion  of  the  vessels 
disappear,  causing  the  original  red  scar  to  become  pale. 

The  manner  in  which  the  wound,  or  rather  the  granulating  surface, 
IS  covered  with  skin,  has  been  briefly  stated  above.  For  the  purpose 
of  healing  over  lai^e  granulating  surfaces,  R^verdin  employed  the 
tnngplantation  of  small  particles  of  skin.  This  method  of  skin  trans- 
plintation  was,  however,  first  made  a  useful  procedure  by  Thiersch 
(see  §  42),  For  n  description  of  the  histological  changes  occurring  in 
tbe  anion  of  transplanted  pieces  of  skin,  see  page  149. 

Kennion  of  Entirely  Severed  Portions  of  the  Body. — Parts  which  hnve 
been  completely  severed  from  all  their  connections  with  the  body  may 
s^n  l>ecome  united  in  the  same  manner  as  the  skin  grafts  of  E6ver- 
"ira  and  Thiersch.  But  this  is  only  possible  in  the  case  of  small  por- 
tions of  tissue,  such  as  the  tip  of  the  nose  or  of  the  fingers.  To  these 
ihcDomeoa  belong  the  reposition  of  teetli  which  have  been  extracted, 
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the  transplantation  of  living  or  dead  bone  or  cartilage  into  defects  5r: 
bone,  etc.  The  success  of  all  these  operations  is  dependent  upon  tK::: 
strictest  observance  of  the  rules  of  asepsis.  The  transplantation  of  tMa 
various  tissues  above  mentioned  has  been  described  on  page  150. 

The  Formation  of  a  Cicatrix  in  a  Vessel,  or  the  Organisation  of  « 
Thrombus. — The  formation  of  a  cicatrix  in  a  vessel  which  has  been 
wounded  or  ligated  is  of  special  importance. 

The  following  is  a  brief  description  of  the  manner  in  which  the  thrombus 
forms  iu  a  vessel :  Since  Briicke  made  his  famous  experiments,  we  know 
that  the  blood  is  kept  iiuid  within  the  walls  of  the  vessels  because  of  its  con- 
tact with  a  normal  endotlielium,  and  because  of  its  constant  movement  If 
either  one  of  these  two  conditions  is  lacking,  if  the  integrity  of  the  endothe- 
lium of  tlie  vessels  is  altered  in  any  way  by  an  inflammation  or  traumatism, 
if  the  blood  escapes  from  the  walls  of  the  vessels,  or  if  its  circulation  is  inter 
rupted — for  example,  by  ligation  of  the  vessel — the  blood  will  then  coagulate; 
it  will  form  a  thrombus. 

The  thrombus  which  develops  after  ligation  of  an  artery,  for  example, 
extends  from  the  point  at  which  the  ligature  has  been  applied  to  the  nearest 
lateral  branch  above  and  below.  The  same  holds  true  as  regards  the  veins. 
We  know,  however,  that  in  a  vein  extensive  thrombi  form  much  more  readily 
than  in  an  artery,  and  this  is  the  case  not  only  when  the  lumen  is  occluded 
by  a  ligature  or  an  injury,  but  also  when  there  occurs  a  pronounced  stasis 
and  obstruction  to  the  return-flow  of  the  blood.  If  two  ligatures  are  applied 
to  a  vessel  with  a  moderate  interval  between  them,  the  blood  will  coagulate 
between  these  ligatures ;  but  a  thrombus  does  not  always  develop  after  the 
ligation  of  a  vessel.  Baumgarten  demonstrated  that  the  blood  lying  between 
two  ligatures  may  remain  fluid  for  three,  four,  or  even  twelve  to  fifteen  days 
if  the  ligation  is  carefully  performed,  and  particularly  if  the  wall  of  the 
vessel  is  not  isolated  from  its  connections  with  the  adjoining  tissues,  and  if 
its  nutrition  from  the  vasa  vasorum  is  not  interfered  with.  Under  such  con- 
ditions the  endothelium  appears  to  remain  intact  and  performs  its  functions 
normally,  and  consequently  the  blood,  though  not  moving,  retains  its  fluid 
character. 

In  wounds  or  injuries  involving  only  a  portion  of  the  circumference  of 
a  vessel  there  is  not  always  the  formation  of  a  thrombus  filling  the  entiw 
lumen  of  the  vessel.  The  rent  in  the  wall  is  often  completely  filled  by  » 
thrombus  which  organises,  leaving  only  a  thickening  of  the  vessel  at  the  site 
of  the  injury.  This  method  of  repair  may  take  place  in  vessels  of  any  siie 
whatsoever.  Again,  a  thrombus  which  at  the  outset  only  partially  fills  the 
lumen  may  finally  cause  its  total  occlusion  by  the  addition  to  it  of  one  layer 
of  coagulum  after  another. 

We  have  to  deal  mainly  with  thrombi  occurring  after  an  injury  or  ft* 
ligation  of  a  vessel.     Mention  should  also  be  made  of  the  so-called  compres- 
sion thrombi,  which  form  wlien  the  blood  is  brought  to  a  standstill  as  a  in- 
sult of  compression  from  without,  as  by  tumours ;  of  the  dilatation  thrombi  in 
aneurysms  and  varices :  of  the  thrombi  caused  by  inflammatory  processes  ia 
the  walls  of  the  vessels  accompanied  by  destruction  of  the  endothelium,  etc 


§81.1  ANATOMICAL  PHKNOMENA  IN  THE  HBALINO  OP  A  WOrTND.  S9T^ 

But  changes  in  tlie  walls  of  tlie  vessels  and  primary  disturbances  in  the 
circulation  are  mil  always  suHicieut  in  themselves  lu  produce  coagulation  of 
tlie  bloixl :  tlie  cause  for  the  thrombosis  tnusl  be  sought  for  not  iufrequently 
ill  a  general  alterutiuu  in  the  coQ)position  of  the  blood.  Silbernian  has  seen 
multiple  coagutit  form  during  life  from  acute  poisoning  by  the  salts  of  hydro- 
chloric acid,  urseuic,  phosphorus,  and  several  other  blood  poisons.  On  th© 
other  hand.  ArtLus  proved  that  by  depriving  the  blood  of  its  calcium  it  loses 
its  power  of  I'uagulation. 

Bed,  White,  and  Mixed  Thrombi— There  ore  red,  n-hite,  and  mixed 
thrombi.  The  furmutiou  of  a  white  thrombus  by  an  accumulation  of  white 
blood-cells  can  be  watched  under  the  microscope  by  irritating  with  a  crystal 
of  common  salt  placed  in  its  neighbourhood,  some  large  artery  or  vein  lying 
ill  tlie  spread-out  mesentery  or  tongue  of  a  curarised  frog.  At  the  point  of 
irritation  the  inner  wall  of  the  vessel  becomes  covered  with  white  blood-cor- 
puscles, and  a  white  immovable  plug  gradually  develops,' filling  the  entire 
lumen  of  the  vessel  by  a  constant  addition  of  new  white  coipuscles  to  those 
already  iu  place.  Some  invesligalora  claim  that  the  whit«  thrombi  described 
by  Zahn  arc  not  fonned  from  white  btood-corpusctea,  but  from  the  blood 
plaques  discovered  by  Bizzosero,  those  very  small,  delicate,  colourless,  distc- 
sliaped  bodies  which  constitute  the  third  formed  ingre'dient  of  the  blood. 
The  oripn  of  the  blood  plaques,  which  can  be  stained  with  methyl  violet 
while  in  a  neutral  cummun-salt  solution,  is  still  obscure,  and  their  signifi- 
cance is  still  a  matter  of  controversy.  The  average  number  of  plaques  in 
human  blood  is  245,000  per  cubic  millimetre.  Their  number  is  sometimes 
increased  and  sometimes  diminished  in  different  diseases.  Eberth  and  Schim- 
melbusch  make  u  sharp  distinction  between  the  white  thrombi  of  blood 
plaques  and  thered  blood-clols;  tlie  hloo«l  plaques,  according  to  these  authori- 
ties, having  nothing  to  do  with  the  fomiutioii  of  fibrin,  and  simply  adhere 
together  at  some  injured  point  of  the  iatiniu  as  a  result  of  their  peripheral 
location  in  the  blood  stream  when  there  is  any  marked  retardation  in  the 
How  of  the  current.  Tiiey  also  hold  tliat  a  thrombus  is  not  identical  with  a 
blood  congulum,  the  thrombi  being  not  red,  like  the  ordinary  coagulum.  but 
either  entitvly.  or  for  llie  most  part,  white. 

Coagulation  of  the  Blood.— There  are  many  views  as  to  the  manner  in 
which  cOHgulution  of  the  hlood  takes  place.  Alexander  Schmidt  and  his 
followers,  reasoning  from  numerous  expei'iments,  explain  coagulation  ot  the 
blood  in  the  following  manner:  The  flbriu  results  from  the  union  of  two 
Qbriu  generators,  the  librinogen  and  the  paraglobuliu.  brought  about  by  the 
action  of  the  fibrin  ferment.  The  librinogen  exisU  in  solution  in  the  blood 
plasinn;  the  fibrin  ferment  and  the  paraglobuliu  are  first  liberated  by  the 
disintegration  of  the  whit«  blooil -corpuscles,  and  then  have  the  [wwer  of 
acting  upon  the  fibrinogen.  As  long  ns  the  white  blood -coriiusclcs  circulate 
uninjured  in  tlie  blood  a  coagulum  cannot  fonn.  In  the  blood  of  binis  and 
amphibia  the  disintegrated  red  (nucleated)  corpuscles  furnish  the  fibrin  mak- 
ing substances.  The  blood  in  immediate  contact  with  the  living  and  normal 
walls  of  a  ^'eesel,  as  we  have  said,  does  not  coagulate ;  but  if  tlie  walls  are 
altered  by  pathologitral  pn>cesses  or  mechanical  injury— if,  for  example.  th» 
intimn  becomes  changed  by  inflammation,  if  it  becomes  roughi 
■wollen,  toro,  etc, — a  blood-clot  will  fonu  at  these  points  even  while 


ed.  uneven,  J 

lile  the  cir-  A 


298  INFLAMMATION  AND  INJURIES. 

culation  still  continues.    Blood  which  has  escaped  from  a  wounded  t 
will  immediately  coagulate,  as  will  blood  within  the  heart  or  a  vessel 
death.    Moreover,  by  the  disintegration  of  white  blood-cells  which  tak 
place  under  normal  circumstances  in  healthy,  circulating  blood,  some  fibri 
ferment  develops  (Schmidt,  Jakowicki,  Birk) ;  this  is  the  case  especially  &^  ^ 
venous  blood.    It  is  furthermore  an  interesting  fact  that  in  septicaemia  actcf 
pyaemia  the  amount  of  the  fibrin  ferment  resulting  from  the  disintegration 
of  the  white  blood-corpuscles  can  be  so  increased  as  to  give  rise  to  the  spon- 
taneous  formation  of  coagula  (Kohler  and  others).    On  the  other  hand,  fever 
is  produced  (Wahl,  Bergmann,  Angerer)  by  the  absorption  of  the  fibrin  fer- 
ment from  the  extravasated  blood  after  operations  or  subcutaneous  injuries 
(fractures).     Hauser,  who  studied  microscopically,  by  means  of  Weigert's 
method  of  staining  fibrin,  the  formation  of  the  latter  in  pathological! j 
altered  tissues  and  vessels,  also  found  that  the  fibrin  ferment  was  formed 
from  degenerating  cells  (leucocytes,  tissue  cells,  and  perhaps  also  blood 
plaques  and  bacterial  cells)  and  the  fibrinoplastic  materials  from  its  plasma. 

Bizzozero,  on  the  other  hand,  ascribes  the  formation  of  fibrin  solely  to  the 
dissolution  of  the  blood  plaques  and  their  derivatives  (Zimmermann's  cot- 
puscles),  and  he  denies  that  the  white  blood-corpuscles  have  any  part  in  the 
process.  Haym  also  claims  that  the  cause  of  the  coagulation  of  the  blood 
when  a  vessel  is  injured  is  to  be  sought  for  in  what  he  calls  the  ^^hsemato* 
blasts  "  (Bizzozero's  **  blood  plaques  ")•  These  small,  very  easily  altered  cellu- 
lar elements  in  the  blood  become  immediately  changed,  according  to  Haym, 
when  a  foreign  body  comes  into  contact  with  them,  or  when  the  intima  of  the 
vessel  loses  its  integrity  by  pathological  processes  or  mechanical  influenoeB. 

Wooldridge  made  some  very  exhaustive  experiments  upon  the  subject  of 
coagulation  of  the  blood,  under  Lud  wig's  guidance,  in  the  Physiological 
Institute  at  Leipsic,  and  he  states  that  Alexander  Schmidt's  explanation  of 
coagulation  of  the  blood  is  correct  only  to  a  very  limited  extent,  if  at  all. 
Wooldridge  disputes  the  necessity  of  the  co-operation  of  the  formed  elements 
of  the  blood  in  the  process  of  coagulation,  and  asserts  that  the  blood  plasma 
itself,  free  from  all  formed  elements,  contains  everything  which  is  necessaiy 
for  the  production  of  coagulation.  The  plasma  is  caused  to  coagulate  by  two 
bodies  contained  in  it,  which  are  a  combination  or  mixture  of  albumen  and 
lecithin,  and  are  called  by  Wooldridge  A-  and  B-fibrinogen.  He  states  that 
certain  substances  (albuminous  bodies  containing  a  very  large  percentage  of 
lecithin)  which  have  a  marked  power  of  producing  coagulation  can  be  is^ 
late<l  from  the  testicle,  lymph  glands,  the  chyle,  brain,  thymus,  and  stroma 
of  the  red  blood-corpuscles.  He  does  not  attach  any  importance  to  the  fibrin 
ferment  as  a  cause  of  coagulation. 

Our  knowledge  of  the  coagulation  of  the  blood  has  been  recently  enriched 
by  some  exceedingly  interesting  facts  discovered  by  the  important  investiga- 
tions made  by  Marcus  Arthus.*     Arthus  found  that  by  the  addition  to  the 
blood  of  oxalate  of  ammonia—i.  e.,  by  decalcification  of  the  blood — the  lattef 
loses  its  power  to  coagulate ;  but  if  chloride  of  calcium  is  again  added  in 
excess  the  blood  then  immediately  coagulates.     From  this  it  follows  that 


♦  Marcus  Arthus.    Theses  presentees  ii  la  faculte  des  sciences  de  Paris.    Paris:  H. 
Jouve,  rue  Racine,  15. 
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ibe  calcium  in  the  blood  has  a  fibriuoplastic  action,  and  that  the  fibrin  fer- 
ment and  the  fibrinogen  only  act  in  the  presence  of  calcium  salts.    Arthus 
states  that  the  salts  of  strontium  have  the  same  effect  as  those  of  calcium, 
and  consequently  there  is  also  a  strontium  fibrin.    This  makes  it  necessary 
for  us  to  recognise  many  different  kinds  of  fibrin.    Arthus  maintains  that 
the  teachings  of  Schmidt  and  Hammerstein  should  be  modified  to  the  extent 
of  making  three  factors  necessary  for  the  coagulation  of  blood,  viz.,  the  fibrin 
fennent,  fibrinogen,  and  lime  salts.    The  coagulation  of  the  blood  may  be 
coaipared  to  the  coagulation  of  cheese  from  milk,  the  caseiiie  corresponding 
to  the  fibrinogen,  the  curdling  ferment  to  the  fibrin  ferment,  and  the  cheese 
to  the  fibrin.    According  to  Pekel baring,  fibrin  ferment  is  itself  a  calcium 
compound  which  is  capable  of  transferring  calcium  to  the  fibrinogen,  so 
that  the  soluble  fibrinogen  gives  rise  to  an  insoluble  compound  of  albu- 
men containing  calcium,  viz.,  fibrin. 

Freund  maintains  that  the  coagulation  of  the  blood  is  brouglit  about  by 
the  undissolved  phosphate  of  calcium.  The  phosphates  and  potassium  salts 
preponderate  in  the  blood-corpuscles,  the  sodium  and  calcium  salts  in  the 
serum.  When  the  blood  comes  in  contact  with  a  foreign  body  and  ceases  to 
touch  the  walls  of  the  vessel,  the  phosphates  in  the  blood-corpuscles  unite 
with  the  calcium  salts  in  the  serum,  forming  a  large  amount  of  phosphate  of 
calcium,  which  does  not  all  remain  in  solution. 

The  Varying  Beaction  of  the  Leucocytes  to  Staining  Substancea— The 

colourless  blood-corpuscles  (leucocytes)  vary  in  their  reaction  to  staining 
materials — a  matter  of  great  diagnostic  importance  (Ehrlich).  While  the 
nuclei  of  all  leucocytes  are  coloured  by  the  well-known  aniline  dyes  used 
for  staining  nuclei,  the  protoplasm  of  the  cells  behaves  differently,  possessing 
for  particular  dye-stuffs  a  greater  or  less  affinity.  The  leucocytes  differ  also 
in  size  and  in  the  number  of  their  nuclei  (mono-  or  polynucleated).  The 
majority  of  the  leucocytes  (about  seventy  per  cent,  of  the  colourless  blood, 
corpuscles)  form  the  polynucleated  leucocytes,  the  granules  in  which  are 
neutral  (neutrophilar)— i.  e.,  their  protoplasm  is  only  susceptible  of  being 
stained  by  neutral  dyes,  such  as,  for  example,  a  neutral  mixture  of  a  basic 
and  acid  aniline  dye  (methylene  blue  and  the  so-called  acid  fuchsin).  A 
smaller  number  of  the  leucocytes  (about  five  per  cent  to  eight  per  cent.)  in 
^e  blood  are  eosinophilar  or  acidophilar  cells— in  other  words,  the  granules 
of  their  protoplasm  are  capable  of  being  stained  bright  red  by  the  acid  dye 
^n,  Tlie  acidophilar  or  eosinophilar  granules  are  coarser  than  the  neutro- 
philar; the  cells  also  are  perceptibly  larger  than  the  neutrophilar,  and  for 
the  moet  part  possess  one  or  two  nuclei  of  considerable  size.  The  third  class 
of  leucocytes,  which  are  rare— mostly  mononucleated  cells— possess  a  proto- 
plasm which  is  only  capable  of  being  stained  by  basic  aniline  dyes  (baso- 
philar  leucocytes).  The  fourth  class  of  leucocytes,  mostly  small  mononu- 
cleated cells  with  a  narrow  or  broad  enveloping  band  of  protoplasm,  are 
fwtrtly  neutrophilar  and  partly  capable  of  being  stained  by  acid  as  well  as 
»8ic' aniline  dyes  (amphophilar).  Mosso*  has  made  an  exhaustive  study 
ipon  the  change  of  the  red  blood-corpuscles  into  leucocytes  and  the  necro- 
iosis  of  the  red  blood-corpuscles  in  coagulation  and  suppuration. 


♦  Virch.  Arch.,  Bd.  109, 1887. 
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Chtngn  In  th*  Thrombiu. — After  &  tlironihus  has  formed,  the  fnr- 
lliiT  |)<>iiilH  in  i(»  liiKtory  wliicli  arv  of  iiitereet  are  (1)  its  organisation 
iiiln  iMiliil  i-oiiiii'i'iivi'  liHMiK!  (Tontuining  MikmI-vomiIs,  or,  in  utiier  words, 
llii'  riirriiiitiiiii  ul'  II  ciciitrix,  Htid  (2)  the  liuftening  of  the  throiiihns, 
'I'lii-  ui^niiiiMitioii  (if  thi!  throinhus  into  cuniietrtive  tissne  contdiiiug 
vi'-M'U  in  III!' iimihI  ileHimiili!  t^irniiimtioii;  Imt  Hofteninjr  uf  tlie  throm- 
liiiit,  [Mirlii-iiltirly  ilx  fiii|i[mnitivti  hrimkin};  down,  bron^it  about  bv  tlie 
tii'tiiiii  III'  litirli'Hii  iiik)  iii-ciiiii|Htnie(l  l>_v  Hiihm»inent  einWIic  processes,  is 
iilwiivn  ih'i>iiii<'<l  liv  Ihi;  hiirfri><in.  Tliaiiks  to  the  aseptic  method  of 
ii|ii'i'iitiii)t  iiiii]  tri'iiliii};  wiiuikIh,  tins  infectious  softening  or  breaking 
il<i\Mi  III'  II  iliroinliiiK  irt  iif  iiifri'qiient  occiirreiice  in  modem  surgery. 
\Vi'  nliiill  tri'iil  <■!'  ihi'  irifci-tiiiiiH  noftening  uf  thrombi  more  in  detuH 
H  lii'ii  we  rimit'  Id  liiMi-iiMis  of  wniindit.  Tile  culcilirAtiuii  of  a  thrombas 
ti'iihi  i|i>)i<ixili<iii  of  hiiK'  Mtlts  is  another  com |ui rati vely  satisfactory 
cliiiii^i'  »1iii'h  II  ihMinlinit  iiiiiv  niidergo.  T)ie  so-called  plileboHths 
mi'  I'ldcilli'd  ihiMiiilii  which  have  formiil  in  voinn. 

OrKKulMtion  of  a  Thrombiu  and  Cioatricial  Clomire  of  a  "VtmtL — We 

mil  hi'ii'  coMci'i-uf.]  with  the  ipicMttuii  uf  the  orgitiiisntiun  of  the  throm- 

hiiM  iiilo  i>iiiiiici-tiM>  tir.r.iii',  tind  thi.'  formation  of  a  eieatrix  within  a 

vessel.     The  minute  clianges  are 

•  ,         ^^'         (       .  ,„       practicallv  tlio  >auie  as  we  have 

' '  I  ,~      ♦i^j  \  t    •    '\- ■     'i^'i^'rilKHl  aUtve.  and  they  apply 

.#    ►    '»    /'♦i^**     >U^'■^^     '"   ''"■'   arterii-s   as   well  as  the 

'  V'  '*%*«  ^r    ,;  ''y^:fP      veins.     Aiwnlinsr  to  Thiei«-h, 

■f-      ♦^-*',.^*     f     ,'     Ar    ..    Thoma,  and  others,  the  closure 

V  *  ,      v't  :i  vo-i.M'1.  the  *.i-ca]led  •n^iii- 

>;iiir'!i  o:'  i::i.'  thr-nilius.  or.  more 

ri'rrwtly,  :::c  ^■.l'.•-t;^nti>.nl  for  the 

i:;rv':!-.':'i:s  ^'f  .■■■;;;itv(ivelifisue.  is 

!:;;ii;-,!v  '■r-'i-.j!;:   :i'->ut  by  a  pro- 

"•.:Vr-;:l  -.  .■:  :"  o  v:i>.!<kiheHuni  of 

:!  i- •:■.:■■:, ..      ,V '.  :Le  anihorities 

.lilAv    -'.;.•.:    ■.':,    :'.  r^'inbu*  itself 

•_■■,  .\-  -,    -ot:  -.■;  :',»'  :.T:i.ari'>nof 

.  .-..^r-v  ■■  i-.-,>»io".:  :;i>eradn- 

- ''.'!.•;     y  t::e  ivlliilar 

■  •    -  -     -.    -.v"  -.  '.    tr.er.    fonns 

■     ■-   .-.■■■  ;■•,:■■■;   n*ce-     At 

:  .:    ^"«"     ■,        V  "y  the  pr\^ 

.vM,  V        ■        .-«.    s -. SjtH^'jenily 

.-V     ■-    -    vs::-,Tn:e   the 
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rtDes  Steadily  stronger,  and  fiDally  takes  the   place  of  the 
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e  relaxed  walls  into  the  lumen  of  the  vessel  (Benecke,  Ack- 
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lUte  changes  which  take  place  in  the  organisation  of  a  thrombus 
lied  very  satisfactorily  by  placing,  with  every  antiseptic  precau- 
lent  of  a  vessel  which  has  been  previously  hardened  in  absolute 
ide  the  peritoneal  cavity  of  a  rabbit  (Seuftlebeii.  Tillumnns). 
be  observed  a  steadily  increasing  emigration  of  colourless  blood- 
nlo  the  wall  and  interior  of  the  vessel,  or  rathrr  into  the  throni- 
same  time  there  will  be  a  corresponding  new  formation  of  vessels 
miinal  cellular  tissue,  which  is  developed  from  tlie  endothelium 
ly  formed  vessels  and  not  from  tlie  white  biootl-coniuscles.  and 
thrombus  becomes  supplanted,  in  the  manner  already  described. 
■  fibrillar  connective  tissue,  and  the  vessel  is  closed  by  a  cicatrix 


igth  of  time  required  for  the  cicatricial  closure  of  a  vessel 
ce  by  the  organisation  of  a  thrombus  varies  very  much.  In 
je<'t8  the  reparative  jiroccss  is  in  general  more  rapid  than  in 
luals,  and  it  is  slowest  in  the  case  of  patients  altiittod  with 
heromatous)  deireneration  of  the  intinm  of  the  vewiels.  In 
lich  have  been  experimented  upon,  vascular  tissue  will  be 


302  INFLAMMATION  AND  INJURIES. 

found  at  the  site  of  tlie  thrombuB,  or  rather  where  the  ligature 
been  applied  to  the  vefieel,  at  the  end  of  the  secoud  week,  and  posE 
even  earlier,  hy  the  seventh  to  the  eighth  day.  During  the  thin 
the  fifth  week  the  cicatrix  in  the  vessel  bevomes  completely  fom 
though  in  some  caeea  the  process  takes  much  longer.  In  course 
time  the  cicatrix  in  a  vessel  shrinks  like  any  other  scar.  If  the  c 
trix  shrinks  in  the  centre,  the  scar,  or  rather  the  vessel,  may  a^ 
become  pervious,  so  that  the  final  result  may  be  merely  a  diminni 
in  the  lumen  of  the  vessel,  with  a  thickening  of  its  wall.  In  still  ot 
cases  the  cicatrix,  as  a  result  of 
dilatation  of  the  vessel  in  which 
it  lies,  may  become  perforated  by 
several  small  isolated  vessels  con- 


— CiiILatPral  oimiUtion  (after  liitati.. 
ociitriil  nnii  pvriphcrul  liraiii.'hc». 

necting  the  central  and  peripheral  ends  of  the  artery  (Fig,  288). 
so-called  sinus  degeneration  (Rokitansky),  in  which  the  thrombn 
changed   into  a  network  of  connective-tissue  strands  having  sp; 
between  them,  is  particularly  liable  to  occur  in  thrombi  which  dev« 
in  veins. 

Collateral  Circulation. — Tf  n  blood-vessel — an  artery,  for  exampl 
is  occluded  at  some  point  liv  a  ligature  or  a  thrombus,  a  collateral 
culation  is  immediately  developed  by  dilatation  of  the  vasa-vasoi 
anci  of  the  branches  given  off  on  the  proximal  and  distal  side  of 
thrombus.  Tliis  restores  tin;  circnlation,  and  ensures  the  nutritio 
the  i>ortton  of  the  boily  supplied  by  the  occluded  artery  (Fig.  287j. 
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is  iDterestiiig  to  note  the  manner  in  which  the  collateral  circulation 
becomes  established  after  ligation  of  an  arterj  in  its  continuity,  as 
illustrated  in  a  specimen  obtained  by  Luigi  Porta,  showing  the  col- 
kteral  circulation  eight  months  after  ligation  of  the  abdominal  aorta  in 
a  dog  (Fig.  288). 

It  is  plain  that  the  collateral  circulation  took  place  in  this  instance 
both  through  the  dilated  vasa-vasorum  lying  between  the  two  stumps 
of  the  iigated  aorta  and  the  adjacent  lumbar  arteries,  and  branches 
made  up  partly  of  old  and  partly  of  newly  formed  vessels. 

Recently  Nothnagel  has  made  some  very  exhaustive  experiments  on 
rabbits  relating  to  the  establishment  of  the  collateral  circulation,  and 
he  found  that  six  days  after  applying  the  ligature  there  occurred  a 
bvpertrophy  and  hyperplasia  of  the  muscular  fibres  in  the  dilated  col- 
lateral arteries.    Nothnagel  and  Eecklinghauseii  explain  the  growth 
of  these  vessels  by  the  increased  rapidity  of  the  blood  current  within 
tlem  and  the  increased  amount  of  nutrition  which  this  brings  about. 
The  more  blood  that  passes  through  a  vessel  in  a  given  time,  the 
Sreater  is  the  amount  of  nutritive  material  supplied  to  the  wall  of  the 
v-essel.    The  pressure  theory,  which  many  authorities  think  sufficient 
't^  account  for  the  establishment  of  a  collateral  circulation,  is,  according 
^^  Nothnagel,  of  no  value. 

The  Sepoir  of  a  Wound  in  Von-yaiciilar  Tiflsues.— The  process  of  repair 
^xi  a  wound,  or  the  formation  of  a  cicatrix  in  tissues  which  do  not  contain 
"^"ttsels  (cornea,  cartilage,  etc.),  is  practically  the  same  as  for  vascular  tissue, 
^^e  know  that  non-vascular  tissues — the  cornea,  for  example — contain  an 
*  »itricate  communicating  system  of  canals,  in  which,  under  normal  condi- 
^^ons,  wandering  cells  are  present  here  and  there. 

If  the  cornea  is  injured  there  occurs  an  abundant  emigration  of  white 
*>Jood-corpu8cles  from  the  adjoining  sclera  and  conjunctiva  and  from  the 
^^njunctival  sac.  The  tissue  developed  from  the  inflammation— in  other 
"^ords,  the  cicatrix — is  here  also  formed  from  the  original  fixed  cells  of  the 
^crnea. 

A  cicatrix  is  formed  in  cartilage  in  precisely  the  same  way  from  the  car- 
nage cells  in  the  neighbourhood.  The  cicatrix  resulting  from  an  aseptic 
^ound— i.  e.,  from  one  which  has  healed  without  reaction — will  retain  its 
ubrillar  character  for  a  great  length  of  time.  Gies  claims  that  it  retains  this 
character  permanently;  but  if  a  severe  inflammatory  reaction  takes  place 
^e  cicatrix  will  rapidly  become  hyaline,  like  normal  hyaline  cartilage  (see 
Injuries  of  Joints). 

Aegeneration  of  Ixgured  Tissues. — In  every  injured  organ  there  is 

always  an  attempt  to  bring  about,  as  far  as  possible,  a  complete  re^ti- 

Mio  ad  integrum.    The  regeneration  of  the  damaged  tissues  will  take 

place  the  more  rapidly  and  completely  the  more  delicate  the  cicatrix 

is— in  other  words,  the  stricter  the  asepsis  and  the  more  the  wound  is 
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made  to  heal  by  primary  union  without  reaction,  and  the  less  the  ce 
peculiar  to  the  organ  are  damaged.     But  the  more  highly  organise 
tissues  have  relatively  slight  powers  of  regenerating  themselves  af%. 
they   have   been   damaged.     The   epidermis,   the   epithelium   of  tl 
mucous  membranes,  bones,  cartilage,  periosteum,  tendons,  and  otbc 
connective-tissue  structures,  are  capable  of  regenerating  themselve 
completely,  while,  on  the  other  hand,  losses  of  substance  in  the  varioiu 
glands  and  in  muscle  are  not  restored,  but  their  place  is  supplied  sole// 
by  scar  tissue,  in  the  manner  described  above.     Consequently,  a  cica- 
trix which  includes  the  more  deeply  lying  subcutaneous  cellular  tissne 
contains  no  sweat  or  sebaceous  glands  and  no  hair  follicles  or  hairs, 
and  a  correspondingly  extensive  cicatrix  in  the  intestine  contains  do 
follicles  and  no  glands  of  Lieberkiihn.     Moreover,  defects  or  losses  of 
substance  in  muscular  tissue  are  only  made  good,  as  already  stated,  by 
scar  tissue,  and  are  not  replaced  by  newly  formed  muscular  fibres;  the 
fibrous  cicatrix  is  interposed  like  a  tendinous  intersection  in  the  coarse 
of  the  nmscle  and  enables  it  to  contract.     Regeneration  of  muscular 
fibre  takes  place  only  in  the  neighbourhood  of  the  cicatrix,  and  in 
those  cases  in  which  the  injury  to  the  muscle  has  been  trifling — a  con- 
tusion, for  example.     Ponfick,  however,  has  demonstrated  that  losses 
of  substance  in  highly  organised  tissues,  such  as  the  liver  and  kidneys 
of  animals,  can  be  made  good  in  a  relatively  brief  time  by  a  new 
development  of  the  tissues  characteristic  of  the  organ. 

Of  the  more  highly  organised  tissues  the  peripheral  nerves  are  ex- 
ceptional as  regards  their  capability  of  regenerating  themselves.  After 
a  nerve  has  been  divided  and  neurorrhaphy  performed,  there  will  often 
be  a  complete  regeneration  of  the  nerve  even  when  the  neurorrhaphy 
has  been  performed  several  months,  or  even  a  year,  after  the  reception 
of  the  injury.  Regeneration  has  been  brought  about  in  a  nerve  in 
which  there  has  been  a  loss  of  substance  several  centimetres  in  length 
by  suturing  together  the  divided  ends  of  the  nerve,  or  by  adopting 
other  suitable  measures,  and  now  and  then  even  spontaneously.  I  pe^ 
formed  a  successful  neuroplasty  upon  the  median  and  ulnar  nerves  for 
a  loss  of  substance  which  they  had  suflfered  several  months  previously 
(see  §  88). 

Regeneration  of  the  tissues  of  the  brain  and  spinal  cord  never  takes 
place  in  man,  though  Brown-Sequard  has  seen  regeneration  occur  ii 
the  divided  spinal  cord  of  a  pigeon. 

The  manner  in  whicli  the  diflFerent  injured  tissues — e.  e:.,  nerve 
muscles,  bones,  etc. — are  regenerated  under  proper  treatment  will  1 
described  more  at  length  when  we  come  to  speak  of  injuries  of  the 
tissues  (see  §§  87,  88,  lul). 
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Snbeeqaent  Pathological  Changes  in  the  CioatrU— Cicatricial  Contrao* 
HsiL—Ciratricial  cunlraetureit  are  iLe  luosl  importuiit  of  tlie  later  patho- 
logical changes  which  scars  undergo.  The  contraction  is,  of  course,  propor- 
tionate to  the  size  of  the  defect  or  the  antuuiit  of  grauulatiou  tissue.  All 
cicatnces  replacing  losses  of  eubstaace  iii  the  skiu  aud  the  underlying  tissues 
are  especially  liable  to  contract  According  to  the  depth  to  which  the  loss 
of  subst&nce  extends,  the  cicatricial  contracture  involves  only  the  skin,  or, 
besides  this,  the  deeper  parts,  especially  the  fascia,  muscles,  and  tendons. 
The  cicatricial  contractions  following  extensive  burns  are  especially  dreaded. 
The  sequelee  of  such  contractures  vary  with  the  locality  which  is  alTe<-ted. 
If  one  is  situated  on  the  flexor  aspect  of  a  joint,  the  latter  w^ill  become  fixed 
in  a  certain  degree  of  flexion  and  cannot  be  completely  extended.  Cicatricial 
shortening  uf  the  stern o- mastoid  muscle  causes  wry- neck  (caput  obstipum) . 
a  scar  involving  the  under  eyelid  will  roll  the  latter  outward  (ectropion) ; 
cicatricial  contracture  of  the  cheek  will  interfere  with  the  opening  of  the 
mouth.  The  chin  and  neck  are  sometimes  fastened  firmly  together  as  a 
result  uf  bums.  This  is  not  the  place  to  describe  tlio  treatment  for  these 
conditions,  and  it  is  only  necessary  t*)  state  that  they  are  now  treated  with 
excellent  results  by  methods  of  gradual  extension,  or  by  excision  of  the  scar, 
fullowtil  by  implantation  of  Thiersch  skin  grafts,  or  of  flaps  with  pedicles 
taken,  [lerhaps.  from  a  widely  removed  portion  of  the  body. 

Edloicbl— Occ^onally  the  cicatrix  becomes  the  seat  of  a  tumour-like 
Hbrous  induration  called  a  keloid.  A  thick  elevation  develops  at  the  site  of 
the  scar,  usually  with  outgrowtlis  exl«nding  into  the  adjoining  healthy 
tissues..  This  is  really  a  hypertropliy  uf  the  cicatrix.  The  cause  of  this 
keloid,  which  is  rather  rare,  is  not  understood.  After  its  extirpation  there  is 
usually  a  recurrence.  I  saw  one  case  of  cicatricial  keloid  the  size  of  a  plum, 
following  a  perforation  made  in  the  lobule  of  tlie  ear.  which  resisted  every 
kind  of  tre-atmeut  with  the  knife  and  red-hot  iron.  Sometimes  a  keloid  dis- 
api>ears  by  degrees  spontaneously. 

Malignant  Hew  QT0Vths.~Occastoaa11y  malignant  new  growths,  like 
caivinonistu.  may  originate  in  cicatrices.  We  shall  discuss  this  possibility 
when  we  c<ime  to  the  etiology  of  tumours.  . 

Cioatricial  TTIcen.— Now  and  then  cicatricial  tissue  breaks  down  and  sup- 
purnles.  giving  rise  to  a  cicatricial  ulcpr,  which  ordinarily  is  coveretl  with 
large  fungous  (rranulatioius  having  no  tendency  to  become  covered  with  skin. 
This  usually  occurs  in  weak  and  sometimes  in  tuWrcular  individuals,  and  is 
apt  to  start  from  some  slight  injurj-,  such  as  the  friction  produced  by  clotlies 
niicbt  bring  about. 

Prnmre  Paraljiia  of  Hervei  from  Pressure  of  the  Scar.— A  large  cicatrix 
may  esprt  injurious  pnswnre  upon  the  bliMxl  vetwels  in  its  immediate  neigh- 
iMiurhood.  and  may  also  cause  a  pre.s.surp  paralysis  of  the  nerves.  Il  is  well 
known  that  these  pressure  paralym-s  due  Uy  cicatrices  have,  as  a  general 
thinE-  a  favourable  prognosis,  and  will  ordinarily  quickly  disappear  with 
removal  of  [lie  cause. 

$  c<2.  The  General  Beactlon  vhich  follows  an  Injury  and  an  Tnflamma. 
tion— Fever, — Tho  jfencnil  '■■iinliriun  of  those  who  have  l)oen  injured 
r  o]>emted  upon  bears  a  most  intimate  causal  relationship  to  the  !«- 
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haviour  of  the  wound.  If  the  latter  heals  normally — i.  e.,  asepticall^p 
and  if  no  injurioas  substances  gain  access  from  the  wound  to  the  c 
culating  fluids  of  the  body,  there  will  usually  be  no  fever.  From  ti 
fact  that  a  wound  which  heals  aseptically,  as  a  rule,  ensures  freedoi 
to  the  patient  from  a  general  febrile  disturbance,  it  follows  that  tbi 
febrile  disturbance  involving  the  whole  system  of  those  who  have  been 
injured  or  operated  upon  is  mainly  caused  by  the  absorption  from  the 
wound  of  injurious  substances,  the  most  important  of  which  are  the 
micro-organisms  and  the  poisonous  products  of  their  metabolism  held 
in  solution  by  the  fluids  of  the  body.  The  so-called  wound  fever  is 
really  an  absorption  fever — an  alteration  of  the  blood. 

The  fever  which  accompanies  the  so-called  internal  diseases  isaka 
in  part  an  absorption  fever,  and  the  changes  which  are  present  in  the 
blood  and  produced  by  the  bacteria,  or  rather  the  products  of  their 
metabolism  (toxines),  play  a  most  important  part  in  the  causation  of 
the  plienomenon.  Not  every  fever  is,  however,  of  bacterial  origin. 
It  may  be  caused  by  the  absorption  of  certain  injurious  materials  which 
are  formed  without  the  action  of  bacteria  (see  page  313).  In  the  so- 
called  essential  fevers^  on  the  other  hand,  we  must  look  for  the  cause 
of  the  fever  in  tlie  central  nervous  system.  In  this  latter  class  belong 
the  febrile  disturbances  following  a  violent  fright,  the  periodic  stages 
of  excitement  in  mental  disorders,  epileptic  fits,  injuries  of  the  spinal 
cord,  etc.  These  "  nervous  fevers "  are  perhaps  caused  by  an  in- 
creased metabolism  in  the  tissues  due  to  the  excessive  nerve  irritation, 
which  raises  the  temperature  of  the  body,  or  to  diminished  loss  of  heat 
by  radiation  as  a  result  of  the  lessened  rapidity  of  the  circulation 
(Murri).  The  fever  which  follows  phlebotomy  and  the  administration 
of  cocaine  is,  according  to  Mosso,  also  dependent  upon  the  nervous 
system.  Though  recent  investigations  have  made  the  etiology  of 
wound  fever  so  plain  to  us,  we  unfortunately  are  still  much  in  the 
dark  as  regards  the  nature  of  the  febrile  process.  The  symptoms  of 
fever  are  perfectly  simple,  but  their  explanation  still  presents  many 
insunnoiinta])Ie  difficulties,  and  allows  plenty  of  room  for  many 
hypotheses. 

We  shall  confine  ourselves  to  the  discussion  of  the  fever  which 
accompanies  surgical  diseases. 

Symptoms  of  Fever. — The  most  important  manifestations  of  any 
fever  are  (1)  the  increase  in  the  temperature  of  the  body,  (2)  the  cir- 
culatory distur]>ances,  and  (3)  changes  in  the  metabolism  of  the  body. 

The  Increase  in  the  Temperature  of  the  Body. — The  most  constan 
symptom  of  fever,  and  the  one  which  is  proportionate  to  its  intensit 
is  the  increase  in  specific  heat.     Fur  ascertiiining  the  temperature  < 


§83.1  REACTION  WHICH  FOLLOWS  INJURY  AND  INFLAMMATION.    307 

the  body,  we  use  in  Germany  a  thermometer  having  a  scale  divided 
into  nne  hundred  parts,  and  each  of  the  one  hundred  parts  mibdiWded 
into  ten  parts.  The  most  useful  is  the  60-calieil  maximum  thermom- 
eter, in  which  the  column  of  mercury  maintains  its  altitude  after  the 
instrument  haa  been  removed  from  the  axilla  or  rectum,  and  readily 
permits  at  any  time  the  reading  off  of  the  highest  temperature  regis- 
tered. The  temperature  of  patients  who  have  been  injured  or  oper- 
ated upon  is  ordinarily  taken  in  the  axilla  or  rectum  two  or  three  times 
a  day — morning,  noon,  and  evening.  But  not  infrequently  it  ia  im- 
portant that  it  should  be  ascertained  hourly,  or  every  two  hours,  espe- 
cially in  cases  with  high  fever,  in  which  the  height  of  the  fever  decides 
the  kind  of  therapeutic  measures  that  should  be  undertaken. 

If  the  fever  is  slight  the  temperature  in  tlie  axilla  may  amount  to 
SS.S"  to  3if°  C.  (1111.3°  to  loa"  F.);  if  severe,  to  40°  C.  (104°  F.); 
while  temperatures  above  41°  C.  (104,1°  F.)  or  42°  C.  (106.5°  F.i  are 
called  by  Wunderlich  hyperpyretic.  Unusual  rises  of  tem]3orature 
like  this,  to  42°  C.  (1U6.5°  F.)  and  higher,  are  ordinarily  the  precursors 
of  a  rapidly  approaching  death.  Temperatures  higher  thau  44.5°  C. 
(113*"  F.)  are  very  rarely  observed,  though  Phillipson  has  recorded  the 
ease  of  a  girl  twenty-live  years  old  in  whom  the  temperature  reached 
47.2°  C.  (116.6°  F.).  Occasionally  the  temperature  continues  rising 
several  hours  after  the  death  of  the  jiatient  (post-mortem  rise  of  tem- 
perature). The  iuitial  stage  of  fever  ia  usually  characterised  hy  a  more 
or  lees  pronounced  feeling  of  chilliness  or  a  rigour.  This  is  tiie  mor« 
pronounced  the  more  rapidly  the  fever  rises  and  the  shorter  the  initial 
stage  of  the  fever.  A  chill  is  usually  absent  if  the  body  tem|)erature 
rises  gradually  during  several  days.  During  the  cold  stage  the  tem- 
perature of  the  body  is  already  elevated.  The  cold  feeling  is  the 
expression  of  a  nervons  excitation  caused  hy  the  difference  in  tem- 
perature existiug  between  the  internal  and  the  external  or  snperticial 
portions  of  the  body.  After  the  stage  of  cold  there  follows  the  chmax 
— i.  e.,  the  fever  reaches  its  maximum  point.  The  subsequent  course  of 
the  fever  varies.  The  temjierature  either  remains  more  or  less  con- 
tinnously  elevated  (continuous  fever,  Fig.  289),  or  it  fluctuates  (remit- 
tent fever,  Fig.  290).  If  the  fever  is  a  continuous  one,  the  difference 
Itetween  the  maxinmm  and  minimum  temperature  taken  in  the  course 
of  the  day,  or  morning  and  evening,  will  be  at  the  most  but  a  few 
tenths  of  a  degree  (Fig.  2S9\.  In  a  remittent  fever  there  will  be  a 
daily  fall  of  about  1°  0.  (1.8°  F.)  nr  more.  A  third  type  of  fever  is 
the  intermittent,  in  which  brief  marked  rises  in  temperature  alternate 
with  normal  or  even  subnormal  temperatures  (Fig.  291).  After  each 
fall  the  temperature  rises  again  in  the  course  of  the  day,  regularly 
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registering  LigLer  in  tbe  evening  ttian  in  the  morning,  or  the  esao^ 
bations  may  occur  less  frequently  thaa  this.  Ajb  we  shall  see  when  m 
come  to  diseases  of  wounds,  the  course  of  the  fever  is  typical  for  maB/ 
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diseases,  especially  tlie  way  that  defervescence  takes  place.  The  decliw 
of  the  temperature  may  take  place  rapidly  in  tbe  form  of  a  crisis,  fell- 
ing 2°  to  .3°  to  4°  C.  (S-C"  to  7.2°  F.^and  even  more  in  a  few  honn« 
a  single  day  (Fig.  291).     In  such  cases  the  temperature  may  drop  below 
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normal  and  l>ecome  puhnornial,  sometiines  accompanied  hy  symptome 
of  collnpBe  and  nervous  excitement  ("delirium  of  coIlapseV  In  othei 
cases  tlio  defervescence  comes  on  more  gradually  (by  lysis),  being  fc 
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averal  days  contiDaoas  or  remittent,  with  transient  rises  (Fig.  290). 
The  deferveaceace  is  usaally  accompanied  by  sweating.  After  the  fall 
in  the  fever  there  ensues  the  stage  of  convalescence,  which  is  fre- 
ijBeatlj  only  simulated,  as  a  new  outbreak  of  the  fever  may  take 
pliee  with  a  set  of  symptoms  exactly  the  same  as  those  which  occurred 
ID  tbe  beginning  (Fig.  291).  Thus,  in  a  protracted  fever  like  chronic 
pjKmla,  the  fever  may  alternate  with  an  apparent  period  of  convales- 
snee,  until  death  or  true  convalescence  make  its  appearance.  When 
:fae  lever  has  a  fatal  termination,  death  may  come  on  during  the  hot 
'Uge,  and  is  then  often  the  direct  result  of  the  high  temperature  ;  or 
he  cause  of  death  is  to  be  sotight  for  in  the  general  weakening  of  the 
Kij  brought  abont  by  the  fever,  particularly  in  the  degeneration  of 
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tile  muscles  of  the  heart  and  the  roascalar  coat  of  the  blood-vessels,  and, 
'hove  all,  in  the  general  systemic  poisoning  which  is  due  to  bacteria. 
Tlie behaviour  of  the  temperature  curve  is  a  most  important  diagnostic 
piide  for  the  surgeon  in  his  estimation  of  the  condition  of  the  rejiarative 
pToreas  going  on  in  the  wound,  and  it  enables  him  to  judge  wliether 
the  dressing  requires  changing  or  not.  Moreover,  the  snrgieal  wound 
Jieeases,  as  we  ehall  see,  are  characterised  by  a  typical  fever  curve. 

From  these  facta  it  is  easy  to  understand  the  importance  of  care- 
iilly  ascertaining  the  body  heat  in  those  who  have  been  operated  upon 
rinjnred. 

The  other  tymptoms  of  fever  consist  of  disturbances  of  the  circula- 
on,  the  breathing,  the  digestion,  and  the  nervoiis  system.  They  occur 
the  resnlt  of  the  elevated  temperature  or  of  the  primary  disease. 
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Behavioiir  of  the  PqIm  in  Fermr. — Great  importanoe  atteehes  to  the 
condition  of  the  pulse,  as  r^ards  its  frequency,  tenaon,  and  renplarity. 
Its  frequency,  in  general,  corresponds  to  the  height  of  the  fever,  but 
exceptions  to  this  rule  are  not  infrequent ;  thus,  for  example,  as  the 
result  of  stimulating  the  vagus  or  its  centre  in  the  medulla,  there 

occura  a  dowiog  of 
the  pnlae  with  an 
elevation  of  the 
temperature.  In 
cases  of  iodoform 
poisoning  the  tem- 
perature may  be 
88^  C.  (100.4^  F.), 
while  the  pulse  is 
very  markedly  ac- 

Fio.  293. — 1,  Normal  pulse  with  well-marked  arterial  tension :  2,      celeratcd.  The 

rapid,  dicrotic  pulse  in  fever ;  8,  very  rapid  dicrotic  pulse  after        ,    .         ^   xi.      Kl/w»/i 
injection  of  otropiue  (Meuriot-Mareyj.  State   01    tUe   DIOOQ 

pressure  is  not  con- 
stant in  fever ;  ordinarily  it  is  somewhat  lower  than  normal  (Ludwig, 
Hiiter).  If  the  fever  remains  high  for  any  great  length  of  time,  the 
blood  pressure  becomes  very  decidedly  lessened,  and  may  give  rise  to 
dangerous  symptoms.  The  pulse  is  often  dicrotic  (Fig.  292,  2) — ^i.  e.,  it 
shows  in  the  place  of  a  single  beat  a  double  one,  caused  by  a  diminution 
of  the  arterial  tension.  A  dicrotic  pulse  can  be  produced  artificially  in 
animals  by  injection  of  atropine  subcutaneously  or  by  administering 
amyl  nitrite  by  inhalation  (Fig.  292,  3).  The  rapidity  with  which  the 
blood  current  flows,  according  to  the  measurements  taken  by  Ludwig  and 
Hiiter  with  the  sphygmograph,  is  reduced  during  fever  about  one  third. 

Condition  of  the  Vessels  daring  Fever.—Maragliano  has  demonstrated, 
with  the  aid  of  Mosso's  plethysmograph,  that  the  cutaneous  blood-vessels  are 
contractt^d  during  fever  before  any  rise  in  tem}>erature  can  be  detected ;  that, 
as  the  contraction  of  the  vessels  advances,  the  tenii>erature  begins  to  rise,  and 
reaches  its  liighest  altitude  simultaneously  with  the  maximum  of  contraction 
in  the  vessels ;  and  that  the  fall  of  temperature  is  preceded  by  a  dilatation  of 
the  blood-vessels. 

Cheilo-angioscopy. — Hiiter  has  attempted  to  make  a  microscopic  investiga- 
tion of  the  circulation  of  the  blood  in  the  lip  of  a  man  suffering  from  fever. 
The  cheilo-angioscope,  as  it  is  called,  which  is  used  for  this  purpose,  is  de- 
scribed in  Part  I  of  Hiiter 's  Principles  of  Surgery.  By  means  of  this  instru- 
ment he  noted  that  in  fever  the  circulation  in  the  smaller  vessels  was  retarded, 
and  finally  that  the  blood  in  them  came  to  a  standstill. 

Condition  of  the  Beflpiration  daring  Fever. —During  fever  the  respi- 
ration is  more  active ;  there  is  a  greater  consumption  of  oxygen,  and 
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ae  fever  increaees,  or,  in  other  words,  metabolism  becomes  more  active, 
there  is  a  larger  amoant  of  carhoiiic  acid  prodiioetl.  According  to 
KraiiB,  tweuty  per  cent,  more  oxygen  is  ponaumed  during  fever  tiian 
when  the  body  ie  iu  a  normal  condition.  The  respiration,  particularly 
at  the  heginuing  of  the  fever,  is  deeper  than  it  ordiuarily  is ;  bnt  later 
on,  after  the  fever  has  persisted  some  lime,  it  becomes  shallower,  on 
account  of  the  weakening  of  the  respiratory  muscles.  If  the  fever 
lasts  for  a  long  time,  an  increase  in  tlie  amount  of  gaseous  inten-hauge 
in  the  lungs  may  not  take  place,  owing  to  the  accompanying  inanition 
of  the  patient. 

DistarbaiioeB  of  the  Herroaa  Byatem. — The  disturbances  of  the  nerv- 
ous eyj^teni  during  fever  vary  with  the  height  to  which  the  tenipei-ature 
riiHjs,  and  with  the  lotyition  of  the  injury.  They  consist  in  a  feeling  of 
general  laesitude  and  debihty,  and,  if  the  fever  is  high,  in  a  dulling  of 
the  patient's  intellect,  accompanied  by  all  kinds  of  symptoms  denoting 
irritation  and  depression  of  the  central  nervous  system. 

DigeBtion. — The  dige^iioti  is  impaired  during  fever;  there  is  pro- 
nounced loss  of  appetite:  there  is  a  diminution  in  the  amount  of  the 
digestive  juices  secreted,  and  the  peristalsis  of  the  gastro-intestinal 
canal  is  lessened.  Thirst  is  usaally  increased,  and  the  tongue  is  apt 
to  be  dry. 

■0rine.— The  itrm/wit  of  tinne  secreted  is  diminished,  chiefly  as  the 
result  of  the  lessened  absorption  of  nutritive  matter  and  the  increased 
excretion  of  water  by  the  skin  and  lungs.  The  urine  of  a  patient  in 
fever  has  a  high  specific  gravity  ;  it  is  rich  in  nitrogenous  substances, 
particularly  urea,  and  in  the  calcium  salts,  and  it  is  poor  in  sodium 
chloride.  The  large  percentage  of  calcium  salts  and  colouring  matter 
ie  due  to  the  increased  disintegration  of  the  red  bloud-corpuscles  which 
takes  place  during  fever.  Not  infrequently  tlie  urine  in  fever  con- 
tains albumen  and  hyaline  casts. 

■oKular  System. — The  iri/tnjttoms  referable  to  the  muscular  system, 
conaictiug  of  weakness  and  pain,  are  partly  nervous  in  their  nature, 
being  caueeil,  in  idl  pri)l)ability,  by  an  altered  innervation,  and  partly 
are  directly  dependent  u)»on  changes  in  the  muscles  consisting  of  a 
parcTirliymatous  degeneration  of  their  contractile  substance. 

Body  Weight — The  weight  of  the  bofly  diminishes  during  fever,  as 
a  result  of  the  incrcasetl  metabolism  or  destruction  of  albumen.  The 
weight  which  a  patient  loses  in  fever  would  l>e  much  greater  if  the 
destruction  of  fat  were  in  the  same  ratio  as  that  of  albumen.  Accord- 
ing to  Kraus.  tlie  fat  is  not  destroyed  in  the  same  proportion  as  the 
albumen.  Leyden  has  demonstrated  by  many  systematic  measurements 
that  the  lose  of  weight  is  greatest  during  the  crisis  of  the  fever,  and 
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twenty -four  hours  at  this  stage  the  average  weight  lost  amounts  to  IC 
parts  in  1,000. 


of  the  Fever. — As  Cohnheim  has  correctly  staCei 
the  body  makes  use  of  fever  to  destroy  as  rapidly  as  possible  the  noxious  sub 
stances  which  have  gained  access  to  it.  In  this  sense  fever  is  advantageous 
to  the  organism.  It  was  formerly  thought  that  the  danger  in  a  febrile  dis- 
ease lay  mainly  in  the  elevation  of  the  temperature — in  other  words,  tliat 
death  was  caused  principally  by  the  abnormally  great  specific  heat  This 
view  is  being  more  and  more  successfully  contested.  We  know  now.  a 
regards  the  febrile  diseases,  especially  those  following  wounds,  that  the 
species  of  pathogenic  bacteria  which  may  be  present,  or  the  products  of  their 
metabolism,  are  the  principal  factors  in  determining  the  prognosis  of  the 
febrile  infection.  The  length  of  time  which  a  febrile  disease  lasts  may,  aside 
from  the  severity  and  nature  of  the  infection,  become  dangerous  to  the  patient 
as  a  result  of  the  increasing  inanition.  According  to  Leyden,  the  daily  Ion 
during  fever  amounts  to  about  seven  tenths  per  cent  of  the  total  weight 
Chossat  states  that  all  the  higher  animals  die  when  they  have  lost  forty  per 
cent  of  their  weight  through  deprivation  of  nourishment:  consequently 
a  moderately  severe  fever  would  be  sufficient  to  kill  a  man  in  about 
eight  weeks. 

The  Pathological  Changes  during  Fever.— The  pathological  changes  in 
fever  will  be  described  under  the  infectious-wound  diseases,  and  when  we 
come  to  discuss  those  subjects  we  shall  learn  about  the  changes  in  the  com- 
position of  the  blood  brought  about  by  micro-organisms.  It  is  sufficient  to 
note  here  that  the  cloudy  swelling,  or  parenchymatous  degeneration,  as  itift 
called,  of  the  glands  and  muscles,  varying  from  a  granular  cloudiness  and 
swelling  to  pronounced  fatty  degeneration,  used  to  be  erroneously  looked 
upon  as  the  result  of  the  high  temperature.  Furthermore,  the  loss  of  weight 
which  accompanies  a  fever  of  any  considerable  duration  is  not  the  direct 
result  of  the  fever,  but  of  the  infection  or  intoxication  which  has  occurred. 
It  is  more  exact  to  ascribe  all  these  changes  not  to  the  increased  heat  of  the 
body,  but  to  the  nature  of  the  infection  or  poisoning. 

Etiology  and  Nature  of  Fever,  particularly  of  Wound  Fever.— If  we 
would  understand  the  etiology  and  nature  of  fever,  we  must  attempt 
to  give  an  explanation  of  the  principal  symptom  of  fever — viz.,  the 
rise  of  temperature.     We  have  already  emphasised  the  fact  that  fever 
is  mainly  the  result  of  absorption.     Billroth  and  C.  O.  Weber  were 
the  first  to  add  materially  to  our  knowledge  of  the  etiology  of  fever, 
and  they  demonstrated  that  fever  can  be  caused  in  animals  bv  intro- 
ducing into  the  subcutaneous  cellular  tissue,  or  directly  into  the  blood, 
decomposing  animal  or  vegetable  matter.     But  not  only  are  actuallj 
decomposing  and  putrid  substances  capable  of  causing  fever — i.  e. 
pyrogenous — but  also  everj^  kind  of  pus  due  to  bacterial   infectior 
including  the  so-called  pus  honum  et  landahiU^  has  the  same  pvrop 
nous  effect.     The  micro-organisms  (the  bacteria)  are  the  most  impo 
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taot  of  the  causes  of  fever,  giving  rise  to  it  as  soon  as  they,  or  the  dis- 
^ked  poisonous  products  of  their  metabolism  (toxines),  gain  access 
to  the  circulation  (see  §  59).  The  bacteria  act  by  decomposing  their 
nutritive  media,  consisting  of  the  animal  tissues,  the  blood,  and  the 
Jjmph,  giving  rise  to  fermentative  and  decomposition  processes,  and 
destroying  the  blood-corpuscles,  particularly  the  white  ones,  etc.  We 
learned  in  §  59  that  the  poisonous  products  of  their  metabolism  which 
have  been  isolated  from  the  bacteria  are  also  capable  of  exciting  a  gen- 
eral febrile  intoxication.  Mention  should  also  be  made  of  the  rise  of 
temperature  occurring  in  conjunction  with  constipation,  particularly 
^t  following  an  operation,  for  instance.  This  fever  is  probably  due 
x>  the  absorption  of  soluble  decomposing  substances  which  are  formed 
ritlier  with  or  without  the  co-operation  of  bacteria.  Every  intoxication 
Fever  is  not  by  any  means  to  be  ascribed  to  bacteria,  as  we  know  that 
mbstances  capable  of  exciting  fever,  such  as  ferments,  can  be  formed 
A  extravasated  blood  and  in  the  undecomposed  secretion  of  a  wound, 
rtthout  the  co-operation  of  bacteria.  We  are  already  familiar  with 
several  ferments  of  this  kind  which  have  the  power  of  producing 
fever,  notably  the  fibrin  ferment  (Alexander  Schmidt),  which  causes  a 
rise  of  temperature  to  take  place  in  the  animal  into  which  blood  has 
been  transfused,  particularly  when  the  blood  is  taken  from  an  animal 
>f  another  species.  Ilammerschlag  examined  the  blood  of  fifteen  pa- 
tients during  fever,  and  found  fibrin  ferment  existing  in  a  free  state  in 
the  blood  of  twelve.  He  also  found  it  free  in  the  blood  of  two  patients 
'rho  did  not  have  fever.  The  presence  of  the  fibrin  ferment  in  the 
blood  during  fever  is  not  constant,  consequently  no  satisfactory  theory 
of  fever  based  upon  the  fibrin  ferment  can  be  established.  In  fact, 
Schmitzler  and  Ewald  have  of  late  denied  that  the  fibrin  ferment 
formed  in  subcutaneous  extravasation  of  blood  can  cause  fever.  They 
claim  that  the  nucleins  and  albumoses  that  develop  in  these  collections 
of  blood  are  the  causes  of  the  so-called  aseptic  fever.  Other  investi- 
gators have  also  shown  that  albumoses  of  different  derivations  cause 
fever.  Solutions  of  hsBmoglobin  also  have  a  pyrogenous  action — i.  e., 
they  are  capable  of  exciting  fever.  Schmiedeberg  has  isolated  from 
the  blood  another  ferment,  histocym,  and  has  demonstrated  that  this 
body,  which  is  a  product  of  the  normal  metabolism,  when  introduced 
into  the  circulation  in  sufficient  quantities  can  give  rise  to  high  fever. 
Bergmann  and  Angerer  have  shown  that  other  ferments,  such  as  pep- 
ane,  pancreatine,  etc.,  have  the  same  power. 

This  non-bacterial  ferment  fever,  as  we  may  call  it,  is  observed  after 
ibentaneous  injuries  of  bones  and  soft  parts  which  are  accompanied 
r  considerable  extravasation  of  blood.    This  is  the  explanation  of  a  rise 
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in  temperature,  which  may  reach  39°  to  40°  C.  (102.2*'  to  104*'  T,), 
and  which  makes  its  appearance  after  a  subcutaneous  fracture,  a  severe 
contusion  of  a  joint,  or  a  subcutaneous  injury  of  soft  parts.    In  the 
same  category  belongs,  perhaps,  the  fever  following  absorption  of  the 
undecomposed  primary  secretion  of  a  wound,  called  aseptic-wound 
fever,  and  which  may  cause  the  temperature  to  rise  as  high  as  40**  C. 
(104°  F.),  even  when  the  repair  of  the  wound  runs  a  perfectly  aseptic 
course  (Volkmann  and  Genzmer).     Nevertheless,  I  believe,  at  present, 
that  this  aseptic-wound  fever  is  often  the  result  of  a  too  free  use  of 
antiseptics  during  the  operation.      If  the  wound  is  much  irritated, 
especially  ])y  such  an  antiseptic  as  carbolic  acid,  there  will  follow,  not 
infrequently,  extravasations  of  blood  into  the  wound,  there  will  be  a 
considerable  amount  of  secretion,  and  the  above-mentioned  ferment* 
will    develop    in    the  stagnant  blood,  and,  even  though  the  wound    . 
remains  aseptic,  these  ferments  will  give  rise  to  the  so-called  aseptic- 
wound  fever.     Since  I  began  to  avoid  the  poisonous  antiseptics  in   ^ 
aseptic  operations  I  have  not  observed  this  aseptic- wound  fever  newly 
80  often.     In  my  opinion  this  aseptic- wound  fever  can  be  explained  in 
different  .ways — either  as  a  reflex  manifestation,  or  as  an  absorption 
fever  due  to  the  absorption  of  certain  pyrogenous  products  (toxines). 
The  latter  are  chiefly  organic  substances  resulting  from  the  physio- 
logical metabolism  of  the  body.     Bacterial  toxines  probably  also  play  a 
part  in  some  cases. 

Chronic  Ferment  Intoxication. — Langenbeck  and  Cramer  have  recorded 
an  interesting  case  of  chronic  ferment  intoxication  with  continuous  high 
fever,  cough,  and  occasional  diarrhcea  in  a  young  woman  who  had  a  Wood 
cyst  the  size  of  a  goose-egg  on  the  thigh.  The  blood  cyst  had  probably  de- 
veloped from  a  pre-existing  cavernous  angioma.  After  its  operative  removal 
all  disagreeable  symptoms  immediately  vanished.  Within  the  cyst,  as  in  all 
blood  which  is  not  in  contact  with  the  normal  walls  of  the  vessels,  or  which 
becomes  stagnant,  there  had  developed  different  ferments,  among  them 
Schmidt's  fibrin  ferment,  which  had  then  gained  access  to  the  general  circn- 
lation,  as  tlie  cyst,  from  the  cavernous  structure  of  its  walls,  was  in  direct 
communication  with  the  vascular  system.  The  febrile  symptoms,  and  the 
coaf^ulation  processes  in  the  capillaries  of  the  lungs  and  intestines,  were 
caused  in  this  way,  corresponding  in  every  respect  to  the  facts  which  had 
been  noted  by  Kohler,  Bergmann,  and  others  in  their  experiments  on  ferment 
intoxication. 

We  are  able,  then,  to  distinguish  two  classes  of  absorption  fever,  ^ 
the  first  being  the  fever  caused  by  micro-organisms  and  the  poisonoitf.'^ 
products  of  their  metabolism  (ptomaines,  toxines)  which  have  gained 
access  to  the  circulation,  and  the  second  ])eing  the  fever  which  follows 
the  absorption  of  the  disintegrated  products  of  the  body,  these  products 
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differing  but  little  from  the  eubetances  formed  in  tbe  physiological 
metaboliem  of  tbe  body  (u  on -bacterial  ferment  fever).  Tbeee  are  un- 
doubtedly fever- producing  eubstancee  whose  chemical  nature  we  cau  at 
present  not  exactly  determine. 

The  part  played  by  tlie  nervous  system  in  the  production  of  any 
one  of  the  various  kinds  of  fevers  is  briedy  sjwken  of  on  page  3u6. 

E^qtlanatlon  of  th«  Febrile  Proceu.— How  do  these  fever-producing  sub- 
stauces,  tlie  bacteria  and  the  products  of  tbeir  nielalHiliam.  the  non-baclerial 
fernients,  the  albumosea,  nucleiiis,  etc.,  anil  the  central  nervous  system,  act  ? 
In  other  words,  in  wbat  way  does  the  principal  aymptom  of  fever,  tbe  rise 
in  temperature,  come  about  ?  It  is  well  known  that  the  body  temjieralure 
normally  regulates  itself  within  moderate  fluctuations,  and  that  the  aniount 
of  beat  formed  and  lost  occasionally  changes  even  in  health — it  increases 
and  diniinisbea.  The  amount  of  heat  given  off  by  the  body  is  influenced 
hj'  the  clotliing  or  coverings  of  tbe  body,  by  the  perspiration,  by  the  circu- 
lation of  blood  in  tbe  akin,  and,  finally,  by  tbe  increased  or  diminished 
excretion  of  warmth  and  moisture  through  the  lungs.  The  amount  of  heat 
developed  is  altered  by  the  voluntary  or  involuntary  increase  of  muscular 
activity,  by  the  processes  going  on  in  the  glands  and  tissues,  by  the  inges- 
tion of  nutritive  material,  or.  in  other  words,  by  the  increased  or  dimin- 
ished supply  of  fuel.  Tbe  nervous  system,  through  its  reflexes,  regulates 
these  various  portions  of  the  apparatus,  causing  each  to  assume  its  proper 
activity,  and  thus  is  explained  tbe  constancy  of  tbe  temperature  of  the  body. 

During  fever  the  amount  of  beat  produced  is,  in  tbe  first  place,  increased, 
and  the  substances  which  excite  fever  must  somehow  affect  those  parts  ol  tbe 
body  which  regulate  the  production  of  heaL  We  are  ignorant  of  the  exact 
manner  in  which  this  takes  ]ilace  during-  tbe  febrile  process.  We  can  only 
say  that  tbe  physiological  warmth  of  the  body  is  the  product  of  the  biochem- 
ical metabolism  of  the  tissues,  and  the  febrile  agent  causes  an  increased  meta- 
bolism, and  consequently  an  increased  production  of  heat  It  can  be  proved 
that  tbe  metabolism  or  combustion  is  actually  increased  dunng  fever.  The 
increased  consumption  of  oxygen,  tbe  increased  excretion  of  carbonic  acid 
and  nitrogenous  substances,  particularly  urea,  are  all  evidences  of  the  truth 
of  this.  The  increase  in  urea  corresponds  in  general  to  the  severity  of  tbe 
fever,  and,  according  to  Cohnbeim.  no  matter  how  little  food  is  administered, 
there  may  be  three  times  more  urea  excreted  than  normally,  and  it  may 
amoimt  to  forty  to  fifty  grammes  per  diem.  This  increased  secretion  of  urea 
means  that  a  greater  disintegration  of  albumen  is  taking  place  within  the 
body.  Leyden  gives  the  excretion  of  carbonic  acid  as  one  and  a  half  to  two 
and  a  half  times  more  than  in  a  slate  of  health. 

Are  there  certain  tissues  in  which  the  increased  production  of  heat  is  more 
mnrke<l  than  in  otliere  1  This  question  has  not  ae  yet  been  answered.  We 
only  know  that  muscular  tissue,  particularly  that  of  tlie  heart,  nerve  tissue, 
■nd  tlie  glands,  are  important  factors  in  the  generation  of  heaL  Moeso  was 
unable  to  demonstrate  in  the  cortex  of  a  dog's  brain  any  circumscribed  cen- 
tre regulating  the  heal  of  tbe  body,  but  he  conjectured  that  the  regulating 
wwer  was  widely  distributed  throughout  the  brain  and  spinal  cord,     Aron- 
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son,  Sachs,  and  Gottlieb  affirm  that  the  heat  centre  for  rabbits  exists  in  t 
corpus  striatum. 

The  blood  is  certainly  one  of  the  most  important  sources  of  the  rise  a/ 
temperature  in  fever,  and  this  is  particularly  true  in  wound  fevers,  where  it 
contains  bacteria  and  the  dissolved  poisonous  products  of  their  metaboljun. 
By  the  latter 's  presence  in  the  circulation  we  know  that  the  blood  becooKS 
altered  and  that  the  white  blood-corpuscles  ai*e  destroyed.  It  is  pixjuable 
that  the  increased  metabolism  and  the  rise  of  temperature  are  the  results  of 
the  alteration  in  the  blood,  since  the  heart  and  tue  walls  of  the  vessels  are 
directly  affected  by  the  noxious  substances,  particularly  the  dissolved  poison- 
ous products  of  bacterial  metabolism.  Consequently  Bergmaun  has  advanced 
the  view,  and  it  seems  to  me  to  be  the  correct  one,  that  the  cause  of  the  febrile 
rise  of  temperature  is  to  be  sought  for  in  an  increased  metabolism  in  the 
blood.  The  alterations  in  the  blood,  according  to  Bergmann,  are  the  most 
essential  of  all  the  accompaniments  of  fever.  In  order  to  retain  the  constancy 
of  the  composition  of  the  blood,  all  the  machinery  in  the  body  designed  for 
this  purpose  exhibits  a  more  intense  activity,  and  in  this  way  are  explained 
the  increased  metabolism  and  rise  in  temperature  which  occur  in  fever.  On 
account  of  the  elevated  temperature  of  the  blood  the  further  development 
and  spread  of  certain  species  of  pathogenic  bacteria  are  prevented.  It  is  a 
fact  that  in  anthrax  infection,  for  example,  the  animal  affected  has  only  to  be 
repeatedly  cooled  off  to  make  the  bacilli  appear  immediately  in  the  blpoi 
The  fever  or  elevation  of  the  temperature  of  the  body  and  the  greater  activity 
of  its  metabolism  is  all  a  conservative  process  which  the  body  makes  use  of 
to  more  rapidly  get  rid  of  the  injurious  substances  which  have  gained 
access  to  it. 

In  other  cases,  where  there  is  no  intoxication  or  infection  of  the  blood  or 
tissues,  the  rise  in  temperature  is  due  to  influences  connected  with  the  nerv- 
ous system,  as  we  have  before  remarked. 

Lobs  of  Heat  during  Fever,— What  are  the  conditions  as  regards  the 
amount  of  heat  lost  during  fever  ?  Ordinarily  the  amount  of  heat  lost  dor 
ing  the  chill  is  less  than  normal,  but  during  the  height  of  the  fever,  ac- 
cording to  Ley  den's  measurements,  it  is  greater,  being  for  temperatui^  above 
40°  C.  (104''  F.)  double  the  normal,  and  even  triple  when  there  is  an  abun- 
dant secretion  of  sweat.  Nevertheless  the  body  is  unable  to  get  rid  of  it* 
excess  of  warmth,  because  the  amount  of  heat  produced  is  continuously 
increased  during:  fever,  while  the  amount  lost  fluctuates,  at  one  time  beinf 
greater  than  normal  and  at  another  less.  The  diminution  in  the  amount  of 
heat  lost  is  due  to  the  contraction  of  the  cutaneous  blood-vessels,  which,  •» 
we  saw  on  page  307,  begins  before  the  rise  in  temperature. 

Traube,  particularly,  taught  that  the  cause  of  fever  was  t6  be  found  in 
tlie  diminished  amount  of  heat  lost,  or  rather  in  the  pathological  chang« 
connected  with  the  loss  of  lieat.  It  is  more  correct  to  ascribe  the  cause  of 
fever  to  the  increased  ])rod action  of  heat  resulting  from  the  more  active 
metabolism,  in  conjunction  with  a  pathological  alteration  in  the  amount  of 
heat  lost.  Tlie  amount  of  heat  lost  is  not  constant,  as  Traube  thought  bul 
it  is  pathologically  alt<*re<l,  being  at  one  moment  increased  and  at  anotbe 
decreased.  Traube  was  wTong  in  denying  an  increased  production  ofhea 
in  fever. 
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Definitioii  of  the  Febrile  ProoeM,— If  we  abould  wish  to  formulate  a 
detiuiliuu  of  the  felirile  proiiesa,  we  can  any,  with  lieckhiigbauseii, 
that  fever  is  a  disturlmuue  which  increaaes  the  metabolism  of  the 
materials  of  the  tiody,  especially  the  tistiues  which  are  rich  in  albu- 
miiioiis  subet'iuces.  This  iiK-reased  tuetaboliem  may  have  its  cauf^e  in 
the  nervous  systeru  or  in  the  blood.  Eecklinghausen  considers  that 
the  jiart  of  the  system  principally  aflected  by  fever  is  the  motor  appa- 
ratufl  of  the  vascular  system,  coasii^tiug  of  tlie  heart  and  tmisi-nlar  coat 
of  the  vessels  which  are  regulated  by  the  vasomotor  nervous  system. 
The  latter  plays,  according  to  KeekliugbaUBen,  one  of  the  most  impor- 
tant parts  in  the  production  of  fever.  The  typical  svniptonis  of  fever 
result  from  a  combiuatioii  of  excitation  of  the  nervous  and  vasomotor 
apparatus,  with  an  increase  in  the  biochemical  processes  carried  on  by 
the  tissues  of  the  body,  due  to  certain  causes.  The  exciting  cause  of 
the  fever  leads  to  molecular  changes  in  the  body  substances,  but  how 
this  comes  about  still  balUcs  us. 

Treatment  of  Fever. — We  shall  confine  ourselves  to  the  treatment  of 
wound  fever.  It  is  mainly  surgical,  and  consists,  in  the  first  place,  in 
properly  treating  the  existing  injury.  The  best  pro])hylactic  measures 
in  the  treatment  of  wound  fever  consist  in  carrying  out  strictly  the 
rules  of  antisepsis  and  asepsis.  It  is  very  important  to  provide  for  the 
escape  of  secretions  from  the  wound  by  means  of  careful  drainage.  If 
fever  makes  its  appearance  in  a  patient  who  has  been  wounde<l  or  op- 
erated npon,  it  is  advisable  to  examine  the  wound  carefully  to  deter- 
mine whether  there  is  a  retention  of  tlie  secretion  or  some  other  ali- 
norroity.  In  wounds  which  have  been  sutured,  which  involve  the  scalp, 
fur  instance,  it  may  lie  sufficient  to  remove  the  sutures  and  penult  a 
free  escape  of  the  retained  secretion,  and  the  fever  will  thus  often  dis- 
appear very  promptly.  In  other  cases  deep  incisions  may  liave  to  l>e 
made  on  account  of  the  retention  of  secretions,  and  abundant  drainage 
may  ho  necessary,  I  make  it  &  mie  to  change  the  dressings  on  patients 
who  have  been  injured  or  operated  upon  if  the  temperature  rises  above 
SS.S"  C.  (101.3°  F.).  If  the  wonn<i  is  really  aseptic,  as  in  fresh  in- 
jnries.  or  after  operations,  liealing  without  fever  is  usually  assured. 
Tlio  different  wonnd  diseases  due  to  infection  nmst  receive  their  sjHH-iHl 
treatment  (see  §§  6tJ-82),  If  the  temperature  becomes  too  much  ele- 
vated, or  if  the  duration  of  the  fever  threatens  to  cause  serious  weakness 
of  the  patient,  in  addition  to  the  aliove  briefly  outlinetl  local  treatment 
of  the  wound,  it  is  advisable  to  adopt  other  suitable  means  of  treating 
the  fever,  just  as  in  ordinary  febrile  diseases.  The  l>est  way  of  reducing 
the  tem|>erature  when  there  is  no  contraindication  consists  in  the  cm 
ploynient  of  cool  baths,  cold  packs,  and  sponging  ofi  with  cold  water. 
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The  cold-water  treatment  of  fever  is  considered  by  many  pkymdang 
the  best  means  at  oar  disposal  for  reducing  the  temperature.  It  ie  used 
either  in  the  form  of  baths  at  a  temperature  of  20°  C.  (68°  F.),  in 
which  the  patient  is  immersed  for  ten  minutes,  or  baths  at  a  tempera- 
ture of  24°  C.  (75.2°  F.),  which  are  gradually  cooled  down  during 
fifteen  to  twenty  minutes  to  a  temperature  of  22°  C.  (71.8°  F.).  At 
the  same  time,  in  proper  cases  cold  water  is  poured  over  the  patient, 
or  even  ice  water,  as  he  lies  in  the  tub.  This  serves  as  an  excellent 
stimulant  to  respiration  and  the  psychical  functions.  The  patient  is 
then  brought  back  to  bed  without  being  previously  dried  ofi[,  as  in 
this  way  the  cooling  off  will  continue  longer.  Wine  should  be  adniin- 
istered  freely  as  a  stimulant  while  the  patient  is  being  subjected  to 
this  treatment.  The  reduction  of  temperature  by  medicaments,  such 
as  quinine,  digitalis,  veratrum  viride,  sodium  salicylate,  antipyrine,  etc, 
should  be  employed  when  the  patient  cannot  stand  cold  baths,  or  when, 
for  some  reason  or  other,  their  use  is  not  practicable. 

The  action  of  the  antipyretic  drugs,  such  as  antipyrine,  has  been 
repeatedly  tested  in  recent  times,  and  it  has  been  proved  that  they  act 
principally  through  the  nervous  system,  particularly  the  vasomotorpart 
of  it,  and  the  heat  centres  in  the  brain ;  they  increase  the  amount  of  heat 
lost,  or  they  diminish  the  amount  of  heat  produced,  or  they  do  both. 
Maragliano  demonstrated  that  kairine,  antipyrine,  thalline,  quinine,  and 
salicylate  of  sodium,  whether  administered  during  fever  or  in  health, 
caused  dilatation  of  the  cutaneous  vessels,  and  thus  increased  the 
amount  of  heat  lost  by  radiation. 

The  pulse  must  be  carefully  watched,  and,  if  necessary,  the  heart's 
action  stimulated  by  drugs  (camphor,  digitalis,  caffeine,  whiskey,  etc). 
These  are  to  be  given  early  in  all  those  febrile  infectious  diseases  which 
tend  to  weaken  the  heart,  such  as  diphtheria. 

The  best  treatment  by  the  surgeon  of  wound  fever  consists  in  i 
careful  investigation  of  the  wound,  and,  as  far  as  possible,  in  remedying 
any  abnormity  which  may  exist.     The  treatment  of  the  rise  in  tem- 
perature, if  present,  is  next  to  be  considered,  though  it  will  generally 
not  be  necessary  to  do  more  than  to  rectify  any  abnormal  condition 
which  may  be  found  in  the  wound.   -At  present  antipyresis — ^i.  e.,the 
reduction  of  elevated  temperatures — is  not  so  energetically  carried  out 
as  it  used  to  be  even  in  medical  cases.     Lately  we  have  been  giving  up 
more  and  more  the  idea  that  the  temperature  curve  is  the  only  confiM'  j 
eration  which  determines  our  treatment  of  fevers.     Eepeated  obseni- 
tions  have  demonstrated  that  there  is  no  truth  in  the  idea  that  man  can- 
not survive  an  elevation  of  the  specific  heit  of  his  body  above  42**  C. 
(107.6°  F.).     Striimpell  and  others  have  declared  that  the  reduction  of 
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the  increased  body  temperature  ehould  not  form  the  only  part  of  our 
treatment  of  fevers.  A  routine  treatment  of  fever  ie  not  a  good  plan. 
Every  ease  must  he  treated  sytnptomatically,  according  to  the  condi- 
tions which  may  ariee.  Too  energetic  antipyi'esie — i.  e.,  the  adoption 
of  too  active  measures  for  reducing  temperature — can  frequently  do 
more  harm  than  good,  from  the  fact  which  we  mentioned  before, 
viz.,  that  the  temperature  of  the  body  must  be  higher  than  normal  to 
render*  possible  the  sudden  or  gradual  destruction  of  many  species  of 
bacteria ;  and  if  the  temperature  of  the  body  is  lowered,  infection  of  the 
blood  is  favoured. 

It  is  wise  to  give  patients  who  have  fever  easily  digestible  food,  and 
to  restrict  its  amount  and  variety.  Cool,  eifervescing  waters  with 
citric  acid,  fruit  juices,  and  wines  should  be  allowed  as  drinks.  If  an 
individual  has  been  accustomed  to  the  use  of  alcohol,  the  latter  should 
not  be  denied  him  entirely,  as  otherwise  nervous  complications,  or 
even  delirium  tremens,  may  make  their  appearance  (see  g  64).  Fur- 
thermore, it  ie  known  that  alcohol  has  the  power  of  directly  reducing 
temperature. 

§  03,  Shock. — By  shock  is  understood  a  peculiar  state  of  depression 
of  the  nervous  system,  which  is  apt  to  be  excited  reflexly  by  injuries 
involving  a  shaking  up  or  contusion  of  the  sensory  nerves. 

Etiolo^  of  Shock, — Fischer,  Goltz,  and  Seabrook  consi'ler  the  es- 
sence of  shock  to  be  a  paralysis  of  the  vasomotor  centre  in  the  medulla 
oblongata,  produced  reflexly  by  a  contusion  or  violent  disturliance  of 
the  sensory  nerves  in  the  manner  illustrated  by  Goltz's  well-known 
experiment  on  the  frog.  By  repeatedly  striking  the  abdomen  of  a 
frog  there  is  produced  a  peculiar  state  of  collapse,  which  can  teruiinate 
fatally  by  cardiac  paralysis,  the  heart  stopping  in  diastole.  The  cause 
of  these  phenomena  lies  in  the  fact  that  by  mechanical  irritation  of 
the  intestines,  or  the  irritation  of  any  sensory  nerves,  the  activity  of 
the  brain  and,  above  all,  of  the  vasomotor  centre  in  the  medulla  ob- 
longata, Iwcome  reflexly  altered,  weakened,  or  paralysed.  As  a  result 
of  this  there  follows  a  diminution  or  paralysis  of  the  vascular  tone,  par- 
ticularly in  the  arteries.  There  is  a  weakening  in  the  propelling  force 
driving  on  the  stream  of  blood,  the  speed  of  the  current  lessens,  and 
the  blood  pressure  diminishes;  the  blood  is  unequally  distributed,  the 
arterial  Bvstem  is  less  full,  the  lungs  and  brain  are  anemic,  while,  on 
the  other  hand,  the  b|oof|  collects  in  tlie  veins,  particulariy  those  of  the 
abdomen.  Eventually  the  disturbances  in  the  circulation  may  become 
60  pronounced  that  the  heart's  action  ceases.  The  inhibitory  nerves  of 
the  heart  plav  a  part  only  when  the  terminal  branches  of  the  pneumo- 
gastric  nerves  are  directly  acted  upon  by  the  traumatism. 
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Sjrniptoms  of  Shock. — The  symptoms  of  shock  in  man  correspond 
exactly  to  the  facts  which  have  been  determined  experimentally.  AD 
the  manifestations  of  shock  can  be  traced  back  to  the  paralysis  of  tbe 
vasomotor  nerves  produced  reflexly  by  the  contusion  of  the  senwiy 
nerves. 

The  chardcterisUc  Byinptoms  of  shock  are  a  marked  pallor  and 
coolness  of  the  skin  and  visible  mucous  membranes ;  the  face  is  with- 
out expression  ;  the  eyes  are  dull  and  staring,  the  pupils  are  dilated, 
and  react  slowly.  The  heart's  action  is  plainly  delayed,  irregular,  and 
weak ;  the  pulse  is  thready  or  imperceptible  ;  the  respiration  is  irrego- 
lar  and  long ;  deep  breaths  alternate  with  shallow  inspiratory  eSortB. 
The  mind  is  dull  and  reacts  slowly  ;  the  patients  are  completely  apa- 
thetic, and  will  only  answer  questions  tardily  and  unwillingly.  The 
sensibility  of  the  superficial  portions  of  the  body  is  impaired,  and  the 
energy  of  muscular  movement  is  diminished.  Not  infrequently  there 
is  nausea  or  actual  vomiting.  The  temperature  is  about  1°  to  1.5*^  C. 
(1.8°  to  2.7°  F.)  below  the  normal.  In  other  cases,  instead  of  the 
above-described  torpid  form  of  shock,  there  will  be  a  more  active  set 
of  symptoms — in  other  words,  the  patients  are  more  excited,  they  fling 
themselves  about,  cry  out,  shriek,  and  act  like  maniacs. 

Shock  occasionally  changes  gradually  into  deep  syncope  and  end§ 
in  death,  particularly  in  the  case  of  neuropathic,  anaemic  individuak 
In  such  cases  there  will  usually  be  found  complicated  injuries  with 
severe  loss  of  blood,  and  the  post-mortem  examinations  will  frequently 
show  that  there  are  also  severe  internal  injuries,  perhaps,  of  the  brain. 
As  a  general  rule,  patients  suffering  from  uncompUcated  shock  will 
recover  after  the  lapse  of  a  longer  or  shorter  time,  ordinarily  after  a 
few  hours.  Sometimes  a  psychical  change  persists  for  a  certain  length 
of  time,  but  eventually  perfect  recovery  will  take  place.  All  nervoo* 
manifestations,  syncope,  etc.,  which  follow  severe  losses  of  blood  and 
which  may  look  very  much  like  shock,  should  be  carefully  distinguidied 
from  true  shock  (see  §§  87-89). 

The  individual  symptoms  of  shock,  particularly  cerebral  shock, will 
be  described  in  Regional  Surgery  under  Concussion   of  the  Brain. 
The  latter  injury  may  cause  the  patient  to  lose  more  or  less  completelj 
all  recollection  of  the  accident.     He  may  not  be  able  to  remember 
how  he  was  hurt,  he  may  have  no  idea  of  distance  and  time,  and  maj 
even  forget  everything  he  did,  saw,  or  heard  for  several  days  befoie 
the  time  of  his  injury.     As  the  circulation  in  the  brain  becomes  in 
time  gradually  restored  and  regulated,  the  patient  may  recover  some 
of  his  lost  memories,  but  a  part  of  his  experiences,  recollections,  and 
conceptions  will  remain  lost  forever. 
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The  Treatment  of  Shock. — The  treatment  of  shock  consists,  in  the 
main,  in  overcoming  as  soon  as  possible  the  existing  paralysis  of  the 
vasomotor  nerves,  together  with  the  accompanying  disturbances  which 
the  paralysis  gives  rise  to.  To  combat  effectively  the  cerebral  anaemia, 
tie  head  of  the  patient  should  be  placed  low  down ;  but  if  venous  con- 
gestion of  the  face  becomes  marked  this  position  of  the  head  must  be 
immediately  given  up.  Fischer  and  Konig  are  right  in  recommend- 
ing vigorous  stimulation  of  the  skin  by  sinapisms,  electricity,  rubbing 
the  extremities,  applying  dry  heat,  etc.  In  fact,  Goltz's  beating  ex- 
periment fails  if  combined  with  vigorous  irritation  of  the  sensory 
aerves  of  the  extremities.  Internally,  warm  stimulating  drinks,  strong 
K)ffee,  hot  wine,  whiskey,  etc.,  should  be  administered ;  there  should 
il80  be  given  subcutaneous  injections  of  camphor  or  calabar  extract, 
ligitalin,  and  atropine.  Tincture  of  digitalis  can  be  tried  by  mouth 
nstead  of  subcutaneous  injections  of  digitalin.  Dercum  has  highly 
'ecommended  the  rectal  use  of  a  musk  emulsion  (0.9  to  1.25  gramme), 
irith  fifteen  drops  of  the  tincture  of  opium  or  an  enema  of  strong 
)lack  coflfee.  The  respiration  must  be  carefully  watched,  and,  if  neces- 
wy,  kept  up  artificially,  as  described  in  §  13.  One  must  avoid  under- 
Aldng  an  operation  with  chloroform  narcosis  upon  a  patient  in  a  state 
)f  shock.  The  chloroform  narcosis  may  alone  be  sufficient  to  cause 
Ihe  weakly  contracting  heart  to  come  to  a  complete  standstill.  Patients 
irho  are  sufiering  from  shock  should,  as  a  rule,  not  be  operated  upon  ; 
but  if  it  is  absolutely  necessary  to  adopt  some  operative  measures,  such 
u  checking  hsemorrhage  or  the  like,  the  operation  should  be  done 
irithoat  chloroform. 

§  64.  Delirium  Tremens. — By  delirium  trem£ns  (drunkard's  delirium) 
is  understood  an  acute  outbreak  of  chronic  alcoholic  poisoning,  which 
is  particularly  liable  to  occur  when  a  habitual  drinker  is  compelled, 
by  some  injury  or  acute  internal  disease,  to  remain  for  some  time  in 
bed.  Delirium  tremens,  owing  to  the  increase  in  the  misuse  of  alcohol, 
has  been  observed  in  youthful  subjects,  and  even  in  five-  to  eight-year- 
old  children.  These  children,  whose  parents  had,  as  a  rule,  been  ad- 
dicted to  drink,  had  for  a  long  time  been  taking  daily  increasing  amounts 
of  alcohol.  The  delirium  usually  breaks  out  very  soon  after  the  injury 
£>r  operation.  According  to  Krukenberg,  in  about  fifty  per  cent,  of  the 
Sses  there  exists,  besides  the  alcohol  habit,  a  tendency  to  some  nerv- 
ous disease  such  as  epilepsy.  Krukenberg,  basing  his  opinion  on  three 
andred  and  one  cases  of  alcoholism  which  he  observed,  among  which 
lere  were  one  hundred  and  sixty-one  cases  of  delirium  tremens,  denies 
sX  the  sudden  stoppage  of  alcohol  plays  a  causative  part  in  the  pro- 
(ction  of  delirium  tremens. 
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The  first  symptoms  manifested  are  loss  of  sleep,  great  restlessness, 
and  constant  talking.  The  trembling  movements  are  characteristic, 
and  particularly  evident  when  the  patient  is  told  to  hold  out  his  arm 
or  to  show  his  tongue.  The  patients  see  animals  of  every  description, 
and  they  are  very  apt  to  complain  that  their  rest  is  disturbed  by  mice, 
rats,  etc.,  crawling  about  them.  The  delirium  is  generally  connected 
with  marked  hallucinations,  and  not  infrequently  there  is  pronounced 
maniacal  excitement.  They  try  to  get  up,  and  they  may  even  walk 
about  without  pain  though  they  have  a  fracture  of  the  leg.  They  make 
frequent  attempts  to  run  away,  and  consequently  must  be  carefully 
watched.  Very  often  they  will  have  to  be  put  in  a  strait- jacket  and 
tied  in  bed.  The  prognosis  of  the  delirium  is  in  general  favourable, 
though  it  frequently  happens  that  old  people,  in  particular,  die  rather 
suddenly  with  symptoms  of  collapse.  It  must  also  be  borne  in  mind 
that  the  original  injury  from  which  such  a  patient  may  be  suffering— 
a  subcutaneous  fracture,  for  example — may  easily  run  an  unfavourable 
(complicated)  course  if  his  violent  movements  are  not  carefully  enough 
guarded  against,  and  he  is  not  properly  treated.  The  post-mortem  ex- 
amination will  usually  reveal  the  ordinary  changes  which  occur  in  the 
organs  of  drunkards,  particularly  chronic  gastritis,  atheromatous  degen- 
eration of  the  arteries,  fatty  liver,  the  kidneys  of  Bright's  disease, 
thickening  of  the  cerebral  membranes,  etc. 

Treatment  of  Delirium  Tremens. — The  treatment  of  delirium  tremens 
consists,  in  the  first  place,  of  vigorous  prophylactic  measures.  It  is 
exceedingly  important  that  the  daily  amount  of  alcohol  which  the 
patient  has  been  accustomed  to  should  not  be  stopped,  and  even  more 
alcohol  should  be  given  during  his  illness  than  he  is  accustomed  to 
take  normally.  In  this  way  an  outbreak  of  delirium  tremens  can 
often  be  avoided.  Considerable  amounts  of  alcohol  should  be  admin- 
istered, best  in  the  form  of  strong  wine  or  cognac — about  one  half  to 
three  quarters  to  one  litre  in  twenty-four  hours ;  and,  in  addition,  the 
patient  should  be  given  an  easily  digestible  diet — meat,  bouillon  with 
eggs,  etc.  Furthermore,  it  is  a  good  plan  to  administer  opium  in  large 
doses  (0.10  to  0.40  gramme  every  two  hours),  with  or  without  combin- 
ing it  with  tartar  emetic,  or  opium  with  chloral  hydrate,  or  morphine 
subcutaneously,  to  coml)at  the  restlessness  and  loss  of  sleep  from  which 
the  patient  suffers.  I  do  not,  as  a  general  thing,  like  these  narcotics  ifl 
the  treatment  of  delirium  tremens,  and  prefer  large  doses  of  alcohol, 
which  will  often  bring  on,  without  the  assistance  of  narcotics,  the  sleep 
which  is  the  precursor  of  a  speedy  convalescence.  I  employ  opium  ot 
morphine  only  in  bad  cases  of  great  restlessness  or  mania.  When  the 
latter  condition  is  present,  it  is  an  excellent  plan  to  use  cold  douches, 
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continueil  for  a  considerable  length  of  time,  until  tbe  patient  ie  put  lo 
bed  in  an  exhansted  condition.  Sawaddkje  praises  llie  action  of  etrrcti- 
nine,  which  he  exhibits  in  doses  of  n.iif)3  gramme  for  a  week,  to  coun- 
teract the  desire  for  drink,  and  as  a  treatment  of  tbe  deliriiiui  tremens 
and  the  conditioiit^  whtcli  it  jrives  rUe  to. 

^  *>.'>.  Delirium  Nenrosum  and  Fsychical  Sistnrbances  which  may  fol- 
low L^joriea  and  Operations. — Bv  delirium  nervosum  is  nnder>t(m<I  a 
condition  of  nervous  excitement  without  fever,  which  is  sometimes 
observed  in  hysterical  persons,  following  injuries  and  operations.  The 
delirinm  may  be  of  the  wild,  maniacal  type,  or  it  may  be  melancholic. 
Some  cases  have  the  character  of  hysteria,  or  senile  dementia.  The 
delirium  of  sepsis,  alcoholism,  and  poisoning  from  iodoform,  mor- 
phine, chloroform,  and  of  uremic  states,  etc.,  of  course  do  not  belong 
to  this  class,  Le  Uentu  has  noted  over  twelve  cases  of  delirium  nervo- 
sum following  operations,  and  he  has  collected  sixty-eight  eases  from 
the  literature  on  the  subject,  thirty-eig:ht  of  which  were  observed  after 
operations  on  tbe  female  genitalia.  Delirium  nervosum  generally 
makes  its  appearance  two  to  five  days  after  the  operation,  and  lasts 
several  days  or  a  week,  and  in  exceptional  cases  may  terminate  in 
death.  In  other  rarer  cases  there  are  real  mental  disturbances  with- 
out delirium  nervosum.  Advanced  age,  poor  nutrition,  previous  men- 
*  tal  or  nervous  disturbances,  and  particularly  hysteria,  are  predisposing 
factors.  In  the  majority  of  instances  the  psychical  disturbances  occur- 
ring in  connection  with  operations  upon  tbe  male  and  female  sexual 
organs,  or  following  operations  upon  tbe  face,  etc..  are  of  a  transient 
nature.  Mention  should  also  l)e  made  of  tbe  delirium  of  collap.<e, 
which  ia  occasionally  observed  after  a  sudden  fall  of  a  high  tempera- 
ture— for  instance,  after  the  defervescence  in  erysipelas,  and  in  hys- 
terical individuals  with  a  subnormal  temperature.  This  delirium  of 
collapse  is  usually  accompanied  by  transient  psychical  disturbances. 
The  prof^osis  of  collapse  delirium  is  generally  favourable,  and  the 
scute  mental  aljerratioii  often  disappears  in  a  few  days,  or  even  in 
a  few  honre.     The  treatment  of  delirium  nervosum  is  symptomatic. 

g  66,  The  InfectiooB-Woand  Diseaies. — The  existence  of  infectious 
diseases  of  wounds  but;  been  established  beyond  a  question  by  the 
lalwnrs  of  Pasteur.  Billrolb,  Klebs,  Eberth.  and.  above  all,  by  Koch 
and  his  followers.  Thanks  to  their  careful  researches,  we  now  know 
that  the  infetirious  diseases  of  wounds  are  caused  by  micro-organisms, 
or  by  tJie  products  of  their  metabolism  (ptomaines,  toxines),  (See  §  59.) 
Kix-h,  experimenting  ujKjn  animals,  excited  infectious- wound  dis- 
eases which  possesseil  many  similarities  to  corresponding  diseases  in 
However,  the  facte  which  are  experimentally  aeoertaii 
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regards  animals  cannot  be  directly  applied  to  man,  as  we  know  that 
different  species  of  animals  are  affected  differently  by  the  same  poisons. 
A  jx)i8on  or  a  certain  species  of  bacteria  may  not  be  injurious  for  one 
kind  of  animal,  while  this  same  poison  may  immediately  excite  danger- 
ous symptoms  in  another.  Furthermore,  totally  different  classes  of 
micro-organisms  may  produce  in  different  animals  diseases  which  are 
very  similar.  The  bacillus  of  mouse  sepsis  is  totally  different  from 
the  bacillus  which  causes  sepsis  in  rabbits,  and  it  does  not  cause  sepsis 
in  the  latter.  The  sepsis  which  occurs  in  mice  from  infection  bj  a 
bacillus  has  only  been  observed  in  house-mice,  while  field-mice  are 
immune  from  its  effects,  etc. 

Koch  was  the  first  to  develop  an  exact  method  for  investigating 
the  infectious  diseases  of  wounds.  He  introduced  improved  methods 
of  illuminating  and  staining  preparations,  and  thus  made  it  posdble 
for  us  to  study  the  shape,  distribution,  and  number  of  the  bacteria  in 
the  body.  He,  moreover,  m^de  cultures  of  the  bacteria  which  he  had 
found  upon  solid  nutritive  media,  so  as  to  observe  the  characteristics 
of  their  growth  and  the  immutability  of  their  species.  These  pore 
cultures  were  then  reinoculated  upon  animals,  for  the  purpose  of  ex- 
citing the  same  disease  which  they  had  first  caused.  We  have  these 
exact  methods  of  his  to  thank  for  our  knowledge  of  the  etiology  of  the 
infectious  diseases  of  wounds,  and  the  facts  ascertained  by  experi- 
ments upon  animals  conform  very  closely  to  what  we  have  observed 
in  man. 

Every  inflamination  and  suppuration  of  the  wound,  circumscribed  and 
diffuse  cellulitis,  acute  inflammations  of  the  lymph  and  blood-vessels 
(lymphangitis,  phlebitis,  arteritis),  erysipelas,  hospital  gangrene  (wound 
diphtheria),  pyaemia,  septicaemia,  and  tetanus,  are  all  included  among 
the  secondary  infectious  diseases  of  wounds  which  may  make  their  ap- 
pearance in  man.  These  infectious- wound  diseases  are  all  caused  by 
bacteria.  This  class  of  diseases  also  includes  anthrax,  hydrophobia> 
glanders,  etc.,  which  are  diseases  communicated  from  animals  to  man. 
Actinomycosis,  tuberculosis,  and  syphilis  are  also  due  to  infection  by 
micro-organisms,  and  there  are  still  other  diseases  of  a  like  character 
which  we  shall  learn  about  later.  The  bacteria  are  capable  of  gaining 
access  to  the  tissues  or  the  fluids  of  the  body  through  any  wound,  even 
the  smallest  interruption  in  the  continuity  of  the  skin  or  mucous  mem- 
branes. Seliimmelbuseh,  Rieker,  Noetzel,  and  others  in  experimenting 
with  animals  were  able  to  demonstrate  bacteria  in  the  blood  ten  minute* 
after  infection  of  a  fresh  wound.  This  absorption  of  bacteria  from  the 
wound  is,  however,  usually  of  no  importance  to  the  organism,  as  it  ift 
only  the  non-pathogenic  bacteria  that  are  so  quickly  absorbed,  and  noi 
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the  pathogenic.  During  tl»e  tiret  four  to  six  hours  tlie  infection  ie  only 
a  local  one,  but  after  tliis  the  further  increase  in  the  miinber  of  bacteria 
and  their  metabolic  products  brings  with  it  danger  to  the  orgauism. 
The  Imcteria  and  their  metabolic  products  are  attacked  and  sometimes 
ueutralized  hy  the  protective  substances  (antitoxines)  already  present 
ID  the  body  or  formed  by  the  poisonous  action  of  bacteria.  This  takes 
place  in  the  different  organs,  and  particularly  in  the  biood-serum.  If 
the  infection  is  a  very  virulent  one,  or  if  the  antitoxines  are  not  present 
ill  sufficient  amount,  death  of  the  individual  will  be  the  result.  Bacteria 
cannot  enter  the  circulating  blood  or  lymph  through  intact  granulating 
wounds  or  surfaces,  and  their  metabolic  products  are  probably  also  not 
absorbed  from  such  wounds.  The  superficial  cellular  layer  covering 
the  blood-vessels  and  lymphatics  acts  like  the  epidermis,  and  the  secre- 
tion of  the  wound  helps  in  a  mechanical  way  by  washing  the  bacteria 
from  the  granulating  surface. 

As  regards  the  occurrence  of  infections  diseases  of  wounds,  the  local 
and  general  predisposition  of  the  individual  plays  an  important  part. 
It  is  true,  however,  that  little  is  known  of  the  nature  of  these  anatomi- 
cal, physiological,  or  chemical  differences  that  occur  in  different  indi- 
viduals. The  best  way  ai preventing  an  infectious- wound  disease  is  to 
employ  the  most  careful  asepsis  or  antisepsis  in  every  operation  or 
injury  and  in  the  application  of  every  dressing.  The  possibilities  of 
surgery  since  the  introduction  of  antiseptic  and  aseptic  methods  have 
increased  to  a  most  wondei-ful  degree,  and  our  responsibility  towards 
our  patients  has  become  correspouduigly  greater.  Every  physician 
shoald  constantly  bear  in  mind  that  he  may  cause  the  death  of  his 
patient  by  a  single  transgression  of  the  rules  of  asepsis — by  an  unsteril- 
ised  and  non-aseptic  instrument,  or  by  an  unclean  finger.  Every  fresh 
wound  contains  bacteria,  and  consequently  should  be  thoroughly  washed 
out  as  Boon  as  possible  with  some  aseptic  or  antiseptic  solution  in  order 
to  remove  the  clots  which  contain  bacteria  and  the  other  impurities 
from  the  wound.  It  is  difficult,  and  in  fact  impossible,  to  kill  all  the 
bacteria  by  means  of  our  antiseptics,  but  at  the  same  time  it  is  wiser  to 
recommend  that  the  physician  in  general  practice  employ  antisepsis  in 
injuries  rather  than  asepsis. 

The  infectious  diseases  of  wounds  have,  corresponding  to  the  action 
of  the  bacteria,  partly  a  local  and  iwrtly  a  general  systemic  character. 
Ah  was  stated  in  g  II2.  the  general  disturbances,  the  fever,  and  the  gen- 
eral poisoning  are  caused  by  the  absorption  of  the  metalmlic  products 
of  the  fnngi.  which,  as  we  shall  see  when  we  come  to  septii 
give  rise  to  systemic  poisoning  even  after  they  have  become  se] 
from  the  fungi.     Their  metabolic  products  thus  give  rise  to  an  i 
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cation  which,  like  every  kind  of  poisoning  by  chemical  snbstances,  can- 
not be  transmitted  by  inoculation.  Infections  diseases  caused  by  the 
bacteria  themselves  are,  on  the  contrary,  capable  of  being  transmitted 
from  one  individual  to  another.  We  shall  see  that  each  one  of  the  in- 
fectious-wound diseases  to  which  man  is  subject  is  excited  by  a  specific 
micro-organism.  There  are  cases,  however,  which  are  not  due  to  in- 
fection by  any  single  species  of  bacteria,  but  are  mixed  infections— in 
other  words,  they  are  caused  by  several  different  species  acting  together. 
The  questions  concerning  the  significance  of  the  micro-organisms  in 
the  causation  of  the  infectious-wound  diseases  and  the  various  methods 
for  investigating  them  have  been  described  in  §  59. 

In  all  febrile  infectious  diseases  of  bacterial  origin  the  cause  of  the 
fever  is  to  be  ascribed  to  the  changes  in  the  blood  brought  about  by 
the  bacteria,  or  the  poisonous  products  of  their  metabolism  (toxines). 
Furthermore,  in  the  fevers  due  to  unformed  ferments,  or  non-bacterial 
solutions,  such  as  albumoses,  nucleins,  fibrin  ferment,  pepsin,  trypsin, 
or  haemoglobin,  it  is  principally,  as  described  in  §  62,  the  change  in  the 
composition  of  the  blood  which  gives  rise  to  the  increased  oxidation 
processes  going  on  in  the  blood,  and  to  the  rise  of  temperature. 

§  67.  Inflammation  and  Suppuration  of  a  Wound — Etiology. — Thou^ 
it  was  once  believed  that  all  suppuration  was  caused  by  micro-organisras, 
we  learned  on  page  241  that  Grawitz,  De  Barry,  and  others  have  dem- 
onstrated that  suppuration  can  also  be  excited  without  bacteria  in  dogs 
and  rabbits  by  aseptic  (germ-free)  chemical  substances,  such  as  turpen- 
tine, nitrate  of  silver,  mercury,  etc.  Moreover,  sterilised  cultures  of 
various  micro-organisms,  or  the  sterilised  products  of  their  metabolism 
(cadaverine,  putrescine,  pentamethylendiamine),  have  a  similar  (pyo- 
genic) power  of  exciting  suppuration.  When  Behring  added  iodoform 
to  the  cadaverine  the  latter  never  produced  suppuration. 

Though  it  is  undoubtedly  true  that  suppuration  can  be  excited  by* 
whole  series  of  germ-free  chemical  substances,  it  is  just  as  certain  thit 
suppuration  is  produced  in   man,  under   ordinary  conditions,  by  the 
presence  and  life  of  certain  distinct  micro-organisms,  no  matter  whether 
the  suppuration  takes  the  form  of  a  simple  felon,  a  furuncle,  or  a  dan- 
gerous phlegmon.     The  question  does  not  involve  two  opposing  pri^" 
ciples,  since  the  bacteria  themselves  give  rise  to  suppuration  mainly 
through  the  chemioal  products  of  their  metabolism.     Ogston,  Kos^' 
bach,  and  others  have  studied  the  micro-organisms  which  are  presflit 
in  acute  suppuration,  and  they  have  frequently  found  only  a  sin^ 
species,  l)ut  at  other  times  several.     Suppuration  in  man  is  mainly  d* 
to  cocci,  which  are  found  either  in  irreo^ular  masses  arranged  in  grou|* 
(the  staphylococcus.  Fig.  203),  or  in  the  form  of  chains  (the  strepto- 
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i,  Fig.  296).  The  streptococcuB  is  more  apt  to  give  rise  to 
ling  erysipelatoos  inflammations,  the  staphylococcus  to  localised 
imation  and  suppuration,  and  the  latter  is  the  true  pus  coccus. 

taken  from  human  subjects  with  suppurative  processes  and  in- 
into  mice  will,  even  though  it  contain  no  germs,  poison  mice 
ley  die  within  twenty-four  hours  (Nissen). 

.1  bacteria  found  in  acute  pus  foci  cause  milk  to  coagulate.  That 
;<^nic  bacteria  should  cause  in  some  cases  only  miJd  suppuration, 
I  others  severe  spreading  cellulitis  that  threatens  the  life  of  the 
it,  and  in  still  others  acute  osteomyelitis  or  metastatic  pyemia,  is 
nablo  partly  by  the  difference  in  the  point  of  invasion  and  partly 
s  variabiUty  in  the  virulence  and  the  number  of  tlie  micro-organ- 
it  is  of  interest  that  the  pus  microbes  act  very  differently  in 
c  and  anaerobic  cultures.  The  pns  cocci  concerned  in  a  suppura- 
rocees  in  the  body  can  often  be  detected  in  the  blood,  urine,  and 
In  exceptional  cases  the  pus  in  an  acute  suppurative  process 
US  no  bacteria.     But  this  does  not  prove  that  they  were  not  pres- 

firet,  for  we  know  that  there  are  bacilli  which  cause  suppuration, 
hen  die  very  soon.     Old  abscesses  frequently  contain  no  patho- 

bacteria.  The  lodgment  of  pus  cocci,  or  rather  the  starting  up 
ppuration,  is  favoured  by  local  lesions  as  well  as  by  weakness  of 
bole  organism. 

ie  most  Important  Pus  Microbes. — 1.  The  Staphylococcus  pyogenes 
1  (Figs,  293,  294),  so  designated  because  of  its  golden  or  orange-yellow 
ing  matter,  is  the  species  of  micro- 
•  which  is  most  frequently  found  in 
ration.     (According  to  FrSnkel,  it  is 

in  eighty  per  cent,  of  all  the  cases  ex- 

d.)    These  cocci  are  incapable  of  mo- 

-ary  in  size,  and  are  arranged  in  clus-      ^^TmIT 

<ften  in  the  form  of  diplococci.     It  is 

it  in  pus.  in  the  air,  in  dish-water,  and 

earth.    The  Staphylococcus  pyogenes 

s  can  be  grown  in  pure  cultures  upon 

ae.    agai^agar,    potatoes,   and    blood- 

.    In  gelatine  plate  cultures,  at  the 

f  the  second  day,  small  punctiform 

es  appear,  having  a  yellow  colour  and     Fio.  £K3.— riuoullii  antl  Btaphjlococcu 

■p.  slightly  depressed  border,  separat- 

em  from  the  non-fluid  gelatine.     Puncture  cultwre-s  in  gelatine  at  first 

a  dim,  greyish  point,  which  after  about  three  days  becomes  yellowish, 
len  orange-coloured  ;  then  the  gelatine  becomes  liquefied,  and  the  cul- 
nks  to  the  bottom.  Linear  cultures  upon  agar-agar  (Fig.  204)  give  an 
!  yellow  culture  which  has  a  crooked  outline.  Upon  [wtatoes  tliei-e 
inns  a  thin,  whitish  layer,  which  gradually  becomes  orange-yellow. 
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and  smells  like  paste.  The  Staphylococcus  pyogenes  aureus  grows  : 
serum  in  the  same  way  as  upon  agar-agar.  All  cultures  develoi 
rapidly— particularly  at  temperatures  between  30°  and  37°  C.  (98.6* 
more  slowly  at  ordinary  room  temperatures.  They  have  not  bithe) 
seen  to  form  spores.  Tbis  coccus  posseeses  gnat 
of  retaining  its  vitality,  and  is  exceedingly  reaia 
instance,  to  drying,  chemical  subetancea,  and 
wat«r.  To  the  latt«r  it  lias  to  be  subjected  for 
minutes  before  it  is  killed.  Tbe  Staphylococc 
genes  aureus  can  exist  a  great  while  without 
pberic  air,  is  facultative  aerobic,  and  gives  rist 
formation  of  no  gas  or  foul  decom  position ;  i 
nises  albumen  and  liquefies  gelatine.  Oram's 
is  excellent  for  staining  the  Staphylococcus  p 
aureus. 

The  pathogenic  effect  of  tbe  Staphylococc 
genes  aureus,  when  used  experimentally  upon  i 
varies  with  the  manner  in  which  it  is  emplo: 
the  kind  of  culture  used.  Cultures  in  large  t 
can  sometitnea  be  injected  into  the  peritonea) 
without  causing  peritonitis  (Baumgarten,  Bui 
Inoculations  have  been  made  upon  man  by  vai 
perinienters.  Garre  inoculated  himself  by  ins 
pure  culture  in  a  small  wound  at  the  root  of  hit 
nail,  and  obtained  an  extensive  suppuration; 
bing  a  great  number  of  the  cocci  upon  the  heal 
broken  skin  of  his  forearm  lie  produced  a  large 
cle.  Subcutaneous  inoculations  in  mice,  guii 
and  rabbits  are  without  any  result,  though  subci 
injections  in  the  two  latter  classes  of  animals  | 
to  the  formation  of  abscesses.  Injections  made 
peritoneal  cavity  usually  cause  a  violent  suppur 
Hanimation,  which  kills  the  animal  in  a  few  dx 
jections  of  tlie  cocci  into  the  blood-vessels  giv* 
inilam  Illations  of  joints  and  to  diseases  of  the 
and  metastatic  abscesses  develop  in  the  muscli 
heart  and  in  the  kidneys.  If  the  valves  of  t) 
are  first  wounded,  a  typical  endocarditis  nlcerosi 
If,  before  injecting  the  cocci  into  a  blood-vess« 
crush  of  one  of  the  long  hollow  bones  is  an 
produced,  the  point  at  which  the  injury  is  situated  becomes  "predi 
to  suppurative  inflammation  of  the  medullary  iwrtion  and  periosteu 
Staph yUicoccuH  pyogeiifs  aureus  is  the  most  frequent  excitant  ■ 
osteomyelitis  rsec  S  lO-ll.  Frequently  the  Staphylococcus  pyogcne* 
is  found  combined  with  other  inicro-oi-franisms  in  cases  of  suppuratit 
toxini^  of  the  staphylococcus  act  very  differently  in  different  anim 
the  heart,  ntspinition,  and  nervous  system.  The  leucocytes  are 
destroyed  by  u  ]M>is<)n  to  which  Velde  (rave  the  name  of  leucocidin. 
iug  to  Bail,  this  is  formed  by  vurious  other  bacteria. 


Fio.  ^.—Linear  cul- 


cutaneou.H  fracture  o 
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e  Staphylococcus  pyogenes  albus  is  in  all  respects  similar  to  the 
>cocciu  pyogenes  aureus,  except  in  not  having  the  letter's  yellow 
;  matter.     It  also  appears  to  be  somewhat  leas  harmful,  and  is 

■equent  occurrence  than  the  aureus.     It  haa  been 7^ 

'  cause  haemorrhagic  purpura  of  the  skin  (Silverstein.  4' 

tc).  f 

e  Staphylococcus  pyogenes  citreua  was  discovered 
,  and  is  seldom  found  in  suppurative  processes  in  r- 

le  Staphylococcus  pyogenes  citreua  is  distinguished 
.utiful  lemon-yellow  pigment  (Fig.  367),  but  is  other- 
;tl;  like  the  aureus  and  albus.  except  that  it  lakes 
liquefy  gelatine. 

toooociu  PyogttiM — 4.  The  Streptococcus  pyogenes 
plays  a  very  important  part  in  the  causation  of  sup- 
It  is  frequently  found  alone  in  abscesses,  rarely 
nation  with  the  staphylococci.  This  coccus  causes, 
loet  part,  progressive  suppuration,  and  from  recent 
iS  is  identical  with  Fehleisen's  streptococcus  of  ery- 
In  the  latter  disease  the  streptococcus  is  found  prin- 
I  the  lymph  channels  of  the  skin.  The  streptococci 
ins  generally  consisting  of  six  to  ten  to  twenty  cocci 
in  a  row  like  links,  though  there  may  be  hundreds 
cocci,  or  links,  in  a  single  chain.  The  chains  are 
de  up  of  two  parts,  or  they  may  be  twisted  together 
nasses.  or  arranged  in  slender  bundles.  The  follow- 
le  principal  facts  as  regards  the  development  of  pure 
Gelatine  plate  cultures  take  the  form  of  tine,  round, 
dots.  Linear  cultures  upon  gelatine  plates  are  thickest  at  the  centre 
e,  of  a  faint  brown  colour,  with  the  edges  of  the  line  plainly  punc- 
later  becoming  graded  off  in  terraces.  Puncture,  or  stab  cultures, 
in  gelatine,  have  a  delicate 
areola  at  the  point  where  the 
puncture  enters  the  gelatine, 
the  line  of  puucture  itself 
being  finely  granular  (Fig. 
The  streptococcus  does 
not  multiply  upon  potatoes, 
though  some  individual  cocci 
increase  in  size.  and.  when 
examined  by  the  microscope, 
chains  are  seen  niade  up  of 
;  large  and  some  small 
i  or  links.  The  Strepto- 
coccna  pyogeiiea  grows  best 
erature  of  35"  to  37°  C.  (98.6°  F.).  ordinary  room  temperatures  being 
irsble  to  them.  The  cultures  grow  slowly,  linear  cultures  requiring 
-ee  weeks  to  spread  a  couple  of  millimetres.  After  the  lapse  of  four 
he  cultures  will  be  found,  for  the  most  part,  to  have  iierished. 
ia  not  liquefied ;  it  decomposes  albumen  in  a  vacuum ;  it  is  fac- 


^ 


a,  StreptoCOCCiiB.  x  SAO;  A.  pus  with  strepto- 
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ultative  aerobic,  and  is  not  particularly  affected  by  the  absence  of  oxy- 
gen. It  is  best  stained  by  Gram's  method.  The  Streptococcus  pyogene$ 
can  be  found  almost  anywhere,  and  its  pathogenic  effects  may  be  mani- 
fested in  various  ways,  according  to  the  manner  and  the  region  in  which 
H  gains  access  to  the  body.  It  is  found  in  saliva,  nasal  and  vagioai 
mucus,  and  in  the  urethra  of  man  in  health.  It  is  often  found  in  imam 
which  have  undergone  morbid  changes — for  example,  in  typhoid  fever, 
pneumonia,  tuberculosis,  pleurisy,  and  scarlet  fever,  and  under  such  con- 
ditions it  may  give  rise  to  severe  inflammatory  complications.  By  itself  it 
causes  inflammatory  processes  and  suppuration,  which  often  lead  to  septi- 
caemia, and  ai*e  characterised  by  a  marked  tendency  to  extension  along  the 
surface.  It  is  a  frequent  excitant  of  puerperal  fever.  Upon  the  valves  of 
the  heart  it  excites  typical  endocarditis.  When  growing  in  the  lymph  chan- 
nels of  the  skin  and  mucous  membranes  it  causes  cutaneous  erysipelas  and 
destructive  inflammation  of  the  mucous  membranes,  and  when  lodged  in  the 
subcutaneous  tissue  it  gives  rise  to  cellulitis,  etc.  The  streptococcus  produces 
fatal  toxines,  particularly  if  air  is  excluded  (Roger).  An tistreptococcus serum 
has  been  successfully  used  in  a  number  of  cases  of  streptococcus  infection--- 
e.  g.,  peritonitis,  puer^Hiral  fever,  and  erysipelas.  In  other  cases  the  results 
have  been  negative,  and  I  doubt  whether  its  practical  value  has  yet  been 
proved. 

BaciUns  Pyocyaneufl. — The  Bacillus  pyocyaneus^  or  the  bacillus  of  green 
or  blue  pus,  occurs  in  different  forms — e.  g.,  as  the  Bacillus  pyocyaneus 
a  Gessard  or  pyoftuorescens,  and  as  Bacillus  pyocyaneus  3  Ernst  It  is » 
small  slender  rod  (Fig.  207),  and  is  found  in  the  air,  earth,  and  water,  as  well 
as  in  the  tissues  and  fluids  of  man  and  different  animals.    This  bacillus  givei 

a  blue  or  green  colour  to  pus  and  the  dressings  without 
causing  any  complication  in  the  healing  process.  It  is 
similar  to  the  bacillus  of  blue  milk,  but  is  somewhat  rat- 
i*ower.  It  is  capable  of  very  active  movements,  and  is  fre- 
quently found  in  the  form  of  bands  with  four  to  six  joints, 
and  less  frequently  in  the  form  of  long  filaments.  Accord- 
Fig.  "iic.— Bacilli  of     ing  to  Schimmelbusch,  it  forms  not  only  irreen  or  blue 

jrreenish-blue  pus.  .  .    i     ^      i        t  i      n    .1  1      .  1    . 

X  70U.  pigment,  but  also  brown  and  all  the  gradations  between 

gi'een  and  brown.  The  pigment  formation  depends  upon 
the  amount  of  air,  the  proi>er  nutritive  medium,  and  upon  the  condition  of 
the  bacilli.  The  latter  may  lose  their  power  of  forming  pigment  in  both  an 
artificial  and  a  natural  way.  When  cultivated  on  gelatine  plates  small  white 
points  are  formed  within  the  gelatine,  then  come  to  the  surface,  and  spread 
out.  The  culture  medium  tiikes  on  early  a  green  fluorescent  colour  for  some 
distance  around  the  cultures,  and  by  the  fifth  day  the  gelatine  has  become 
completely  liquefied.  In  a  test  tube  the  bacillus  develops  almost  exclusively 
in  the  depi)er  parts  of  a  stab  culture.  The  gelatine  becomes  rapidly  lique- 
fied, and  itssunies  a  beautiful  green  colour.  Upon  agar-agar  there  forms* 
moist,  rather  thick  yellow  coverinj^,  which  colours  the  nutritive  medium 
green.  Upon  potatoes  there  is  developed  a  dirty  yellowish- green  scum,witl 
a  green  discolouration  of  the  adjoining  parts.  The  colouring  matter  (pyc 
cyanine)  is  for  the  most  part  seen  at  the  free  borders  of  the  clusters,  and,  a 
cording  to   Ledderhose,  is  an  aromatic   crystalline  compound   having  1 
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palliog^nic  properties.  According  to  C.  Fraukel,  the  colouring  matter  is 
wliite  when  first  formed  from  the  bacteria,  only  assuming  its  peculiar  tinge 
when  brought  in  contact  with  the  oxygen  of  theair.  The  bacilli  themselves, 
and  liie  products  of  their  metabolism,  are  undoubtedly  injurious  to  animals. 
If  about  one  cubic  centimetre  of  a  fresh  bouillon  culture  is  injected  into  th» 
subcutaneous  tissue  of  a  guinea-pig  or  rabbit  there  will 
result  a  rapidly  spreading  cedema  and  suppurative  inflam- 
mation, causing  the  death  of  the  animal  in  a  short  time. 
The  bacilli  will  be  found  at  the  point  of  inoculation,  in  the 
blood,  and  in  the  internal  organs.  According  to  Schim- 
melbusch,  the  Bacillus  pyocyaneiis  exerts  a  poisonous 
local  and  general  action,  but  it  doeii  not  possess  in  general 
the  properties  of  an  active  pathogenic  micro-organism.  In 
rare  cases  general  infections  with  the  Bacillus  pyocyaneua 
do  occur  (typhoid  condition,  enlargement  of  the  spleen, 
hiemorrhages  from  rupture  of  the  weakened  blood-vessels,  gangrenous  ecthy- 
ma pustules,  eK-.).  Bouchard  and  Charrin  have  demonstrated  the  very  inter- 
esting fact  that  it  is  possible,  with  the  aid  of  the  Bacillua  pyocyaneus,  to 
check  an  advancing  anthrax  infection  and  to  cause  it  entirely  to  disappear. 
The  injection  of  the  toxiues  of  the  pyocyaneus  has  an  antipyretic  action 
causing  the  body- tempera  tore  to  fall  <Langlois  and  Charrin). 

BacillnB  Pyocyaaeaa  ;*  Emit— Ernst  has  described  a  variety  of  the  Ba- 
cillus pyocyaneus  as  the  0  Bacillus  pytx^yaneus.  It  forms  a  blue  colouring 
matter,  or  rather  blue  pus.  while  the  other  <a)  bacillus  forms  the  green  pig- 
ment Ledderhose  has  designated  the  a  bacillus  Bacillus  pyojluoresceng 
and  the  ji  bacillus  Bacillus  pyocyaneus  (3.  Generally  the  two  kinds  of 
bacilli  occur  tog(rther  and  produce  a  mixed  colonr. 

Other  ColoDTii^  Hatten  Produced  by  Bacillna  Pyooyaneiu.— Schimmel- 
buscli  states  that  the  Bacillus  pyin.-yane.iis  forms,  in  addition  to  the  green  or 
blue  colouring  matter,  brown  and  a  whole  series  of  colouring  matters  rang- 
ing all  the  way  from  brown  to  green.  The  production  of  the  colouring  de- 
pends upon  the  presence  of  sullicient  air,  proper  nutritive  media,  and  upon 
llie  structure  of  the  bacilli.  The  latter  may  assume  different  forms  in  differ- 
ent nutritive  media,  and  may  even  be  unable  to  lose  their  property  of  pro- 
ducing colouring  raattem  under  natural  or  artiflcial  conditions. 

Bed  Fna.— There  is  occasionally  observed  a  red  cinnabar-coloured  pua. 
Ferchmin  found  that  the  causation  of  this  red  pus  was  to  be  ascribed  to  a 
g|)ecial  form  of  bacillus  with  evenly  rourideil  ends,  which  could  be  cultivated 
best  at  a  tenii>eralure  of  36°  to  37°  C.  in  various  nutritive  media— agar- agar, 
gelatine,  blood-serum,  potatoes.  The  red  colouring  matter  is  easily  soluble 
in  alcohol,  and  is  insoluble  in  water,  ether,  and  chloroform.  In  man,  the 
red  colour  of  the  pus  has  nothing  to  do  with  the  reparative  process  in  a 
wound.     In  nibbits  especially  the  bacillus  has  pathogenic  prop<^rlies. 

Utlm  Put  Hicrobea.— Among  the  other  pus  microbes  mention  should  l>e 
made  of  the  Microcaccus  pyogenes  tenuis,  the  Bacillus  pyogenes  f<elidus 
Pnsset  'Fig.  2fl«i,  the  Proteus  vulgaris,  the  Staphylococcus  cereits,  albus.  and 
Jianut.  and  Priedliiuder's  pneumococcus.  The  majority  of  these  hactvria  are 
of  subnrdinale  imjHirtance  as  regards  man.  R<H'pntly  the  Bacillus  pyogenes 
ftetidua  has  been  carefully  studied  by  Burci.   Ho  proved  that  it  possessed  not 
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only  pyogenic  but  even  septic  properties  for  rabbits  and  mice,  and  sometimes 
produces  in  ma£i  severe  acute  suppuration,  which  has  also  been  observed 
in  the  case  of  Friedlander's  pneumococcus.    Neumann  and  Haegler  main- 

tain  that  the  Mhrococcus  pyogenes  ten- 

'     >     ■  ■  w     ^^       Hi«  is  identical  with  the  pneumococcus  of 

/  *■■"   •  Frankel  and  Weichselbaum.     Frankel's 

;>         *     •  ?  *    . j-^  pneumococcus  (Fig.  299),  the  typhoid  ha- 

■  .,      ,3        ..     ^     ^  cilli  (Fig.  262,  page  263),  and  the  Bacte- 

'-4     **'     S^   ^       '  ..*.  rmw  co/i  camwiMne  all  produce  suppura- 

^-i*  -  tion.    Frankers  pneumococcus,  which  has 

■}  ^       .  .='  been  found  to  be  the  cause  of  various 

...  .  -i   •'  forms  of  inflammation  and  suppuration 

/'.-;   .'    ■     -  — e.  g.,  pneumonia,  empyema,  menin^tis. 

"?'.         :*  J;;.  peritonitis,  etc. — possesses  a  large  capsule, 

^    -  '  '■  "^  and  is  hence  known  as  the  capsule  COCCU.S. 

In  other  cases  the  suppurative  processes 
Fio.  299.-r>i|»lococcu8  of  Frankel  (cap-     ^j^^^^  j^  ^j     course  of  the  acute  in- 

gule  ctKJcus;.     J*iw  taken  from  a  ease  .        , 

of  empyema,    x  1,000.  fectious  diseases  are  caused  by  mixed  in- 

fection with  the  pus  cocci. 

Tlie  micrococcus  whicli  causes  suppurative  inflammation  of  the  urethra, 
the  vagina,  etc. — in  other  words,  the  gonococcus  Neisser — is  discussed  in 
Regional  Surgery. 

Chronic  abscesses,  apart  from  those  due  to  syphilis,  glanders,  and  actino- 
mycosis, are  for  the  most  part  tuljercular,  and  are  caused  by  a  characteristic 
bacillus  (Koch). 

Animals  liave  }>een  rendered  immune  against  pus  cocci,  i^artly  by  inocu- 
lation of  weakened  cultures  of  the  same,  and  partly  by  injection  of  tbe  tox- 
ines  isolated  from  tlie  bacteria.  The  serum  of  such  animals,  jMirticularly 
those  made  immune  bv  the  latter  method,  w^ill  render  other  animals  unsus- 
ceptible  to  infection,  and  will  cure  the  infection  already  present  (see  also 
antistreptococcus  serum,  page  330). 

Different  Forms  of  Inflammatioii  and  Snppnration  as  we  meet  them  in 
Snrgery. — Clinically,  inflammation  and  suppuration  may  exist  in  various 
forms,  either  as  an  ordinary  superficial  suppuration  limited  to  the 
wound,  or  the  inflammation  may  e.xtend  to  the  parts  in  the  neiglilwur- 
hood  of  the  injury  and  result  in  a  cellulitis.     This  inflammation  niav 
lead  to  more  or  less  circumscribed  suppuration  and  abscess,  or  to  dif- 
fuse and  often  rapidly  spreading  inflammatory  and  suppurative  pro- 
cesses.    The  worst  form  of  spreading  inflammation  and  suppuration  is 
the  diffuse,  foul-smelling  inflammation  of  the  cellular  tissue,  to  which 
is  given  the  name  of  septic  phlegmon.     Inflammation  of  the  lymph 
vessels  is  called  lymphangitis.     Inflammations  of  the  vessels,  especially 
the  veins  (phlebitis),  are  very  imi)ortant,  particularly  as  regards  their 
dangerous  sequehe,  due  to  the  so-calle<I  emboli.     The  spreading  inflam- 
mation which  involves  the  skin  and  subcutaneous  cellular  tissue,  the  so- 
called  erysipelas,  is  caused  by  an  inflammation  of  the  smaller  lymph 
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channels,  due  to  the  Streptococcus  pyogenes.  The  gangrenous  breaking 
down  of  a  granulating  wound  is  called  hospital  gangrene,  or  wound 
diphtheria.  Accompanying  the  inflammatiou  and  suppuration  caused 
by  micro-organisms,  there  is  more  or  less  fever,  due  to  secondary  infec- 
tion or  poisoning  of  the  lymph  and  blood  by  the  bacteria  and  the 
prodncts  of  their  metabolism.  This  may  finally  terminate  in  a  fatal 
general  systemic  poisoning,  which  we  shall  learn  about  more  particu- 
larly under  the  heading  of  Pyaemia  and  Septicaemia. 

We  shall  first  discuss  acute  infiammation  of  the  lymph  vessels 
(lymphangitis)  and  lymph  glands  (lymphadenitis). 

§  68.  L3rniplLaiigiti%  LymphadenitiB.  Acute  Inflammation  of  the 
Lympk  Vessels — Lymphangitis, — Acute  lymphangitis  is  characterised 
partlj  by  a  change  in  the  lymph  and  walls  of  the  lymph  vessels,  and 
partly  by  a  perilymphangitis — i.  e.,  an  inflammation  of  the  connective 
tissue  surrounding  the  lymph  vessels.  The  starting-point  of  a  lym- 
phangitis is  usually  some  focus  of  infection ;  in  other  words,  it  is  par- 
ticnlarly  apt  to  originate  from  an  infected  wound.  The  interruption 
of  continuity  in  the  skin  is  frequently  most  insignificant.  The  inflam- 
matory irritant,  the  bacteria — and  these  are  generally  pus  cocci — are 
taken  up  by  the  lymph  vessels,  and  then  they  spread  into  the  larger 
lymph  channels,  and  wherever  the  bacteria  become  lodged  they  give 
rifie  to  inflammation  or  thrombosis.  Fischer  found  staphylococci  to  be 
the  most  frequent  cause  of  lymphangitis  (fifteen  times  in  eighteen 
cases).  In  two  cases  streptococci  were  present  alone,  and  in  one  case 
the  Bacterium,  colt  commune.  As  a  result  of  the  inflammation,  the 
^alls  of  the  lymph  vessels  undergo  a  change,  the  endothelium  may 
perish,  and  the  entire  wall  may  necrose,  suppurate,  etc.  The  lymphan- 
gitis may  terminate  in  either  a  restitutio  ad  integrum,  with  absorption 
rf  the  exudate  and  regeneration  of  the  destroyed  endothelium,  or  in 
abscess  formation  and  necrosis  of  the  walls  of  the  lymph  vessels  and 
smronnding  parts.  Chronic  inflammation  of  the  lymph  vessels  leads 
to  hyperplasia  of  the  connective  tissue,  with  induration  of  the  lymph 
vessels  and  the  tissue  surrounding  them. 

ffistological  and  Experimental  InvefftigationB  upon  the  Movement  of  the 
IjUph  during  Inflammation. — The  lymphatic  system  plays  both  a  passive 
^d  an  active  xwirt  in  inflammation.  As  long  as  the  lymphatic  vessels  remain 
^  from  the  inflammatory  process  they  carry  off  the  products  of  the  in- 
Sammation,  the  emigrated  leucocytes,  and  red  blood-corpuscles,  and  the  in- 
lainmatory  process  may  resolve  without  going  on  to  the  formation  of  an 
bsoess.  An  abscess  is  particularly  apt  to  develop  when  the  walls  of  the 
food-  and  lymph- vessels  become  affected  to  a  marked  degree  by  the  in  Ham - 
atory  agent,  causing  a  retardation  of  the  lymph  current  and  insuflicient 
tnoval  of  the  inflammatory  products.     The  slowing  of  the  lymph  current 
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may  eventually  become  a  complete  stasis,  with  emigration  of  the  leucocytes 
from  the  lymph  channels  and  a  corresponding  infiltration  of  the  tissues,  re- 
sulting in  abscess  or  gangrene  of  the  affected  parts.  The  changes  which 
occur  in  lymph- vessels  during  inflammation  are  the  same  as  those  tliat  occur 
in  the  blood-vessels. 

Clinical  Course  of  Acute  Ljrmpliangitis  and  LjonphAdenitia— Acute 
lymphangitis  presents  the  following  clinical  picture :  After  the  reception 
of  a  wound  which  is  not  treated  aseptically,  possibly  a  superficial  abra- 
eion  of  the  skin  on  the  fingers,  the  patient  complains  of  pain  in  bis 
entire  arm,  particularly  when  it  is  moved.  When  the  patient  is  care- 
fully examined  there  will  usually  be  found  a  painful  swelling  of  the 
epitroclilear  and  axillary  glands,  and  from  the  still  visible  wound,  or 
from  the  site  where  it  existed,  there  will  be  seen  red  stripes  leading  up 
to  the  axilla.  There  will  ordinarily  be  fever  at  the  same  time.  The 
subsequent  course  of  the  disease  varies.  There  either  occurs,  when 
proper  treatment  is  adopted  (rest,  elevated  position,  ice),  a  complete 
restitutio  ad  inte^7*uin^  or  there  is  a  continuation  of  the  fever,  with  an 
increase  of  the  local  inflammatory  symptoms  leading  to  suppuration, 
generally  in  the  form  of  a  circumscribed  abscess,  e.  g.,  in  the  lymphatic 
glands  of  the  axilla  and  its  neighbourhood.  If  the  inflammation  in- 
volves the  more  deeply  lying  lymph  channels,  there  will  be  none  of 
the  above-mentioned  red  stripes  in  the  skin.  Acute  inflammation  may 
then  suddenly  appear  in  the  corresponding  lymphatic  glands,  which 
may  either  entirely  resolve  or  go  on  to  the  formation  of  an  absc^. 
Any  lymphangitis  is  capable  of  giving  rise  to  extensive  inflammation 
and  suppuration,  to  cellulitis,  erysipelas,  suppurative  periostitis,  gener- 
ally accompanied  by  superficial  necrosis  of  the  neigh lx)uring  bone; 
also  to  general  systemic  infection,  pyaemia,  or  septicaemia,  terminating 
in  death.  All  these  possibilities  depend  upon  the  nature  of  the  poison 
which  is  absorbed,  or  upon  the  virulence  of  the  bacteria.  Occasionally 
a  severe  phlegmon  (§  70)  or  a  general  systemic  poisoning — particu- 
larly pyaemia — makes  its  appearance  at  a  rather  late  period,  long  after 
the  lymphangitis  has  entirely  disappeared.  In  such  cases  the  bacteria, 
which  were  first  admitted  through  an  interruption  of  the  continuity  of 
the  skin,  lie  dormant  in  a  lymph  gland,  and  after  the  lapse  of  a  cer- 
tain length  of  time,  either  spontaneously  or  as  the  result  of  some  cause 
which  gives  rise  to  inflammation  (a  blow,  violent  muscular  movements,^ 
etc.),  they  may  suddenly  excite  dangerous  suppuration,  and  even  canae 
death  from  pyaemia  or  general  septic  poisoning  of  the  whole  system. 
The  study  of  the  clinical  course  of  lymphangitis,  caused  by  bacterial  in- 
fection, teaches  us  very  plainly  the  necessity  of  treating  \vith  antiseptic 
principles  even  the  most  insignificant  wound  on  the  surface  of  the  body. 
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The  Treatment  of  Acute  Lymphani^tis  and  Lymphadenitis, — Tlie  treat- 
meut  of  acute  IjinptmngitiB  and  l^'iupliadenitit^  in  frcHli  ca^ee  cotigists  in 
placing  the  affected  portion  of  the  body  in  a  proper  (elevated)  position 
and  giving  it  complete  rest.  For  lymphaugitie  of  the  hand  the  arm 
ehoutd  be  tixed  in  the  vertical  position,  upon  Volkmann's  gnspension 
splint,  for  instance,  vfIucIi  is  very  eernceable  for  this  purpose  (Fig.  2U2, 
page  iJU9) ;  the  circulation  is  thus  regulated,  the  alierent  arterial  current 
is  checked,  while  the  efferent  current  in  the  veins  and  lymphatics  is 
made  to  flow  off  more  reatlily,  and  the  inflammatory  swelling  goes 
down,  usnally  very  rapidly.  Ice  ehould  be  applied  in  combination  with 
the  elevated  position,  or,  if  cold  is  not  well  borne,  moist  applications 
covered  over  with  rubber  tissue  are  excellent.  In  addition,  grey  mer- 
curial ointment,  very  gently  rubbed  in,  serves  a  useful  purpose.  The 
course  of  the  disease  must  i>e  carefully  watchdJ  for  the  appearance  of 
any  localised  redness  and  swelling  indicating  suppuration.  Whenever 
suppuration  can  be  demonstrated  by  fluctuation,  the  pus  should  be  let 
out  by  incision  at  the  earliest  possible  moment.  Occasionally  there  will 
be  noticed  a  great  tendency  to  recurrence,  especially  after  infection  by 
cadaver  poisoning  (§  76|,  and  this  recurring  lymphangitis  requires  the 
most  careful  treatment.  In  such  cAses  the  warm  baths  recommended  by 
Billroth  and  others  are  exceedingly  useful.  But  search  should  always 
be  carefully  made  for  the  |X)S8ible  presence  of  some  focus  of  infection 
— some  small  wound,  ulcer,  pustule,  etc. — aud  this,  when  found,  should 
be  treateii  upon  antiseptic  principles. 

§  69.  Arteritii  and  Phlebitis.  Inflamumtion  r>f  the  WaiJs  of  ths 
Bloodvessels  {ArteritU,  Periarteritis,  PfUeintin,  Perij>AUbitis). — We 
referred  to  inflammation  of  the  walls  of  the  vessels  in  the  chapters  on 
inflammation  |§  fit!)  and  the  repair  of  wounds  (§  fil).  We  saw  that  in 
every  inflammation  there  occurred  an  alteration  in  the  walls  of  the 
veaaels,  and  that  in  every  injurv-  to  a  vessel  and  in  the  organisation  of 
the  thrombns  an  inflammatioti  took  place  for  the  purpose  of  forming  a 
cicatrix  in  the  vessel.  Every  reparative  process  which  takes  place  in 
a  wound,  even  though  aseptic  in  its  nature,  is  an  inflammatory  change; 
but  the  aeeptic  rejmir  of  the  injured  vessels  in  a  woun<l  and  the  organ- 
isation of  the  thrombi  into  vascular  connective  tissue  take  place  with- 
out any  disturliance.  When  an  injury,  however,  becomes  infected  by 
Iwteriii,  the  inflammation  which  then  develops  in  the  walls  of  the 
Teeaets  Incomes  a  matter  of  great  importance. 

AVe  shall  concern  ourselvps  here  principally  with  tlie  inflammation 
of  the  walls  of  the  vessels  which  results  in  supjmration — acute  suppura- 
tive arteritis  and  phlebitis.  Both  of  these  inflammatory  processes  arc 
Twy  apt  to  be  observed  in  conjunction  with  a  suppurating  wound  or 
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nicer,  aod  are  caused  b;  tuiero-organisms,  particnlarly  those  u 
whi<'h  excite  suppuration  (staphylococcus,  etreptococcus,  etc.). 
The  suppurative  necrotic  arteritis  may  be  secondary  to  alj 
isting  disease  of  the  eurrouuding  tissues.  Id  such  cases  the  i 
tioti  tirst  attacks  the  adventitia,  and  then  extends  to  the  inne 
the  artery.  If  the  artery  contains  a  thrombus,  as  is  the  case  { 
tion,  the  thrombus  may,  from  the  influence  of  the  bacteria  wl 
entered  it,  undergo  a  suppurative  breaking  down  (thrombi 
puriilenta),  and  as  a  result  of  the  sloughing  of  the  arteri 
htemorrliage  may  result  which  can  endanger  the  life  of  th( 
In  other  cases  the  suppurative  thrombo-arteritis  is  developet 
boli,  which  carry  tlie  infectious  material  from  some  focus  of 
into  the  blood-vessels,  and,  finding  lodgment  at  some  point 
there  suppurative  changes  (metastatic  abscesses). 

In  suppurative  inflammation  of  the  veins  (phlebitis)  pract 
same  phenomena  are  observed.  It  is  caused  either  by  the  < 
trance  of  bacteria  into  the  blood-vessels  or  by  the  extension  to 
of  an  infectious  intlami 
the  surrounding  parts ; 
stance,  an  acute  suppui 
flammation  of  the  celln 
may  extend  and  involve 
of  a  vein.  The  inflamt 
the  wall  of  a  vein,  partici 
alteration  which  it  pr( 
j  the  intima,  the  endotheli 
'  rise  to  the  formation  of 
bus  and  thrombo-plilei 
else  this  order  is  reverse* 
thrombus  forms  before  t1 
inflammation  of  the  wal 
vein.  In  the  veins  thr 
particularly  liable  to  develop  in  the  region  of  the  valves  (I 
as  the  blood  current  flows  more  slowly  at  these  points  than  e 
and  the  micro-organisms  can  thus  more  easily  find  lodgment  (] 
If  in  a  suppurative  thrombophlebitis  the  suppurating  masses 
ing  microcotrci  are  swept  off  in  the  blooii  current  to  other  pai 
boily,  wherever  they  are  dejtosited  they  form  the  above-n 
metastatic  abscesses  renulting  in  pyiemia  (§  75).  Buday  main' 
the  lodgment  of  emboli  made  up  of  large  particles  of  tissue  < 
of  cocci  is  by  no  means  nocessury  for  the  production  of  metaet 
puration;  the  micro-organisms  circulating  in  the  blood  maj 
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lodged  in  the  endotlielium  of  the  vessels,  and,  growing  very  rapidiy, 
break  through  their  walls  and  give  rise  to  phlebitis,  thrombosis,  and 
secondary  phlegmonous  processes.  From  what  has  just  been  said,  it 
follows  that  every  infection  of  the  blood  by  micro-organisms,  every 
suppurative  inflammation,  as  soon  as  it  extends  to  the  walls  of  a  vessel 
ind  reaches  its  lumen,  is  an  exceedingly  grave  event  on  account  of  the 
spreading  of  the  pus,  or  rather  the  bacteria,  through  the  circulation. 

Other  inflammatory  conditions,  affecting  the  walls  of  the  vessels, 
which  concern  the  surgeon,  are  the  acute  inflammations  which  are 
particularly  liable  to  occur  in  the  intima  of  the  aorta  and  the  other 
arteries  in  pysemic  and  septic  infections  of  the  general  system,  and 
which  are  due  to  the  bacteria  or  the  products  of  their  metabolism 
circulating  in  the  blood.  Anatomically,  these  inflammations  are  char- 
acterised by  the  formation  of  groups  of  small  cells  in  the  intima  and 
the  other  coats  of  the  arteries,  and  by  a  fibrinous  exudation  into  the 
intima,  the  latter  being  sometimes  covered  by  a  tough  layer  of  fibrin. 

It  is  important  for  the  surgeon  to  bear  in  mind  that  the  acute  in- 
Jammations  occurring  in  the  walls  of  the  vessels  in  conjunction  with 
injuries  to  the  soft  parts  are,  after  all,  only  partial  manifestations  of 
other  local  and  general  bacterial  infections,  such  as  a  circumscribed 
or  spreading  cellulitis,  erysipelas,  pyaemia,  or  septicemia.  We  shall 
therefore  abstain  from  going  into  the  diagnosis  and  treatment  of  in- 
flammation of  the  walls  of  the  vessels  separately  at  present,  as  this 
subject  will  be  brought  up  again  in  connection  with  the  diagnosis 
and  treatment  of  the  inflammations  or  infections  of  the  surroundiug 
parts. 

The  phlebitis  and  the  periphlebitis  which  sometimes  occur  in  a  more 
or  less  isolated  form  like  a  lymphangitis,  and  often  originate  from  some 
insignificant  injury,  are  diagnosed  and  treated  briefly  as  follows:  The 
wibcutaneous  veins   feel  like   cords   on  account  of  the  inflammatory 
thickening  of  their  walls  and  the  thrombosis  which  takes  place  in  their 
interior.     The  process  is  essentially  a  periphlebitis  with  inflammatory 
infiltration  of  the  sheaths  of  the  vessels,  and  the  veins  are  not  always 
thrombosed.     If,  however,  thrombi  do  exist  in  the  veins,  there  is  usu- 
<J1t  a  corresponding  oedematous  swelling  from  the  disturbance  in  the 
circulation.     The  treatment,  particularly  when  the  disease  occurs  in 
the  lower  extremity — and  it  sometimes  occurs  spontaneously  in  individ- 
nals  with  varicose  dilatation  of  the  veins — consists  in  placing  the  ex- 
tremity in  a  properly  elevated  position,  enveloping  it  in  a  moist  dress- 
ing covered  with  rubber  tissue,  and,  in  addition,  rubbing  in  mercurial 
ointment.     This  rubbing  in  or,  more  correctly,  inunction  of  mercurial 
oiDtraent  for  phlebitis  must  be  done  with  the  greatest  caution  and  by 
28 
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jentle  strokes  of  the  hand,  so  aa  not  to  loosen  any  thrombi  and  have 
'  them  carried  off  into  the  general  circulation,  as  sudden  death  may 
result  from  cereljral  embolism,  or  from  the  lodgment  of  an  embolus  in 
the  pulmonary  artery.  By  this  treatment  the  local  disease  and  the 
fever,  when  the  latter  exists,  are  caused  to  disappear;  the  cord- tike 
veins  becoming  softer  after  the  lapse  of  about  eix  to  eight  days,  and 
finally  assuming,  hy  degrees,  a  perfectly  normal  character.  In  such 
cases  the  phtehitia  or  the  peripblebitis,  whether  there  has  beeu  a 
thrombus  formation  or  not,  resolves  to  a  complete  revtUiUin  ai!  in- 
ietfrum.  If  an  ahscess  develops,  tlie  pus  should  be  let  out  as  soon  as 
possible  by  an  incision.  A  penuauent  occlusion  of  the  vessel  some- 
times follows  the  orgauisation  of  a  thrombus  in  a  vein ;  this  is  particu- 
larly apt  to  happen  in  varicose  veins  of  the  leg.  The  so-called  phlebo- 
liths  (vein  stones)  result  from  calcification  of  venous  thrombi.  The 
manner  in  which  thrombi  develop,  and  the  changes  which  occur  in 
them,  have  beeu  descrihed  on  pages  29t.>-2y'S. 

g  "0.  Celluliti*. — By  cellulitis  is  meant  an  inllammation  of  the  soft 
parts  which  has  a  tendency  to  go  on  to  suppuration,  and  is  particu- 
larly liable  to  be  located  in  the  subcutaneous  cellular  tissue,  or  more 
deeply  in  the  intennuscular  cellular  tissue,  or  beneatti  fascia,  in  the 
aheatlis  of  tendons,  in  the  periosteum,  etc.  We  distinguish  clinically 
two  principal  classes:  the  circumscribed  and  the  diffuse.  The  former 
remains  more  or  less  limited  to  the  neighbourhood  of  the  original  start- 
ing-point of  the  inllammation,  while  the  latter  has  a  marked  tendency 
to  spread  and  become  a  progressive  process,  the  worst  form  of  which 
is  the  very  acute  septic  phlegmon  ;  the  inflammation  sometimes  mani- 
fests a  tendency  to  spread  with  incredible  rapidity. 

It  is  not  always  plainly  visible  open  wounds,  or  large  recent  inju- 
ries, which  give  rise  to  the  cellulilia.  Often  enough  it  is  an  insignifi- 
cant, perhaps  already  healed,  abrasion  of  the  epidermis  near  the  nail, 
flueh  as  a  scratch  or  a  needle  prick,  which  forms  the  starting-point  for 
a  spreading  inflammation.  Not  infrequently,  the  cellulitis  develops  at 
some  spot  widely  removed  from  the  point  of  inoculation,  from  which 
the  bacteria  have  been  carried  off  in  the  lymph  channels,  finally  lodg- 
ing in  some  suitable  locality,  a  lymph  gland,  for  instance,  wliere  they 
grow  and  develop.  The  cellulitis  which  usej  to  be  called  spontaneous 
in  its  origin  does  not  exist.  There  is  always  an  infection  by  bacteria, 
or  by  the  products  of  their  metabolism  (SUtphylococcua  pyogtnes  au- 
reus. Streptococcus  pijogen.es,  the  bacillus  of  malignant  (edema,  less 
often  other  pus  cocci). 

The  Micro-oi^aniBms  found  in  the  Sifferent  Forms  of  Cellulitis ;  Pus  Cocci 

— Cellulitis  is  most  freiiuciilly  excited  by  die  tifiipliylococcus  pyogenes  au- 
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rtm  tail  the  Streptococcua  pyogenes,  though  there  are  sometimes  found 
oChtr  pus  cocci,  such  as  the  Staphylococcus  pyogenes  albua,  the  Micro- 
■WM*  pyogenes  tenuia.  the  Bacillus  pyogenes  fdxtidua.  the  Bacillus  pyo- 
•f\nr»».  etc.  (For  a  detailed  description  of  these  micro-organisms  see  pages 
*iuid  33llj.  Occasionally  there  will  be  found  only  a  relatively  sniatl  uuui- 
ber  of  cocci  in  the  inflammatory  col- 
lectious,  the  tissues  beiug  cauited  to 
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iwnw  fxtensirely  by  the  chemical  products  of  the  bacterial  metabolism 
'f"i£  SfyiY  Airain.  in  other  cases,  the  cocci  will  be  present  in  vast  numbers 
(Fif.  303).  The  cellulitis  excited  by  the  streptococcus  is  characterised  gen- 
*«llj  by  a  marked  tendency  to  spread  with  great  rapidity. 

BuOloi  of  Kalignant  (Edcona.— Tlie  worst  forms  of  cellulitis,  the  so- 
wn«i  acute  mali^aut  cedema,  progressive  gangrenous  emphysema  iPiro- 
nfl"s  Rcute  purulent  oedema.  Maisonneuve's  gangrene  fovdivyante).  are 
'aiispil  by  different  anaerobic  bacilli  similar  in  appearance,  of  which  Koch's 
'"fiVi  of  malignant  cedema  are  the  most  constant.  These  little  rod.s  are 
WJably  identical  with  the  ribrions  aeptiqnes  found  by  Pasteur  in  septi- 
"mid.  In  man.  malignant  oedema  occurs,  for  instance,  in  conjunction  with 
■  (ompound  (open)  fracture  which  does  not  receive  aseptic  treatment,  or 
'fiiii  any  wound  not  aseptically  treated.  It  is  characterised  by  an  exten- 
■"(emphysema  (evolution  of  gas)  and  by  decomposition  of  the  soft  parts. 
•iii  it  almost  always  terminates  in  death  after  the  lajwe  of  a  few  duj-s.  The 
Elliot  malignant  ceilema  are  very  apt  to  be  found  iii  the  superficial  .strata 
"t  wrien  earth,  in  the  dust  collecting  in  the  cracks  of  a  floor,  in  all  soi-ts 
**  tlwoniiiosinir  matter,  in  dirty  waUT,  etc.  They  arc  ^M  tc.  .1..".  ^  lung  aiLtl 
"'"wlLOfibrttad;  they  have  pointed  or  rounded  ends,  and  often  form  lonij 
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filaments  whicb  may  have  liiflerent  crooks  or  bends  (Fig.  305).  These  bacilli 
are  capable  of  very  autive  moveinenl,  and  posaess  cilia  on  the  Hides,  which 
can  be  demonstrated  by  nieauH  of  Liiffler's  nielhod  of  staining.    S|>ore8  make 

their  a|tpearaiice  in  the  cullurea  by  the  end  of 

tiie  lirHl  day,  forming  best  at  a  tem|)erature  of 
37°  C.  <9K.6'  K.)  (l»ody  temperalui*),  in  which 
they  grow  very  rapidly,  more  slowly  at  ordi- 
nary room  temperatures.  At  the  time  of  spore- 
formatiou  there  is  at  lirst  seen  a  alight  granular 
appearuace  of  the  protoplasm,  and  then  the  for- 
mation of  a  central  oval  body  (Fig.  304,  b). 
wliiuh  is  not  stainable.  The  simres  are  set  free 
and  develop  into  ciliated  bacilli  (Fig.  304J  or 
threadsof  bacilli  (Fig.  305).  The  oedema  bacilli 
are  strictly  anaerobic,  mid  can  only  l>e  culti- 
vated if!  an  atmosphere  free  from  oxygen.  On 
gelatine  plates  the  colonies  form  small  shilling 
knobs  containing  huid,  and  the  gelatine  is  lique- 
fied. On  agar  plates  they  form  a  smokelike  cloudiness  with  an  ill-defined 
border.  Puncture  cultures  in  agar-a^ar.  to  which  should  be  added  one  to  two 
per  cent,  of  grape  sugar  or  sodium  sulphate  of  indigo,  develop  in  ditfuse 
cloudy  groups  (Fig.  30f!).  Cultures  in  blood  serum  show  a  homogenei>us 
cloudiness  in  the  line  of  the  puncture.  In  the  interior  of  the  boiled  potuh) 
the  bacilli  c«n  be  made  to  grow  at  a  temiwrature  of  38°  C.  (100.4°  F.j,  and 
after  several  days  the  iratato  will  be  found  riddled  with  a  network  of  baciJ  li. 
Kitasato  found  tiiat  when  the  bacilli  are  cultivate<l  in  guinea-pig  bouillon  in 
the  presence  of  hydrogen  the  fluid  becomes  cloudy,  and  then  in  two  to  three 
daysclears  again,  showing  the  pres- 
ence of  a  whitish  precipitate.  On 
opening  the  culture  a  foul,  pene- 
trating odour  is  given  off.  The 
bouillon  culture  remains  virulent 
for  months.  The  bacilli  can  be 
stained  by  all  the  aniline  dyes,  and 
will  then  frequently  present  a  gran- 
ular appearance.  Gram's  double 
Stain  cannot  be  used.  If  (i.l  to  0.3 
cubic  centimetres  of  a  bouillon  cul- 
ture is  injected  into  the  subcuta- 
neous tissue  of  mice  and  guinea- 
pigs,  the  animal  thus  inoculated 
will  die  in  eight  to  fifteen  hours. 
Upon  post-mortem  examination  there  will  be  found  starting  from  the  point 
of  inoculation  an  extensive  subcutaneous  cedema.  the  fluid  of  which  it  con- 
sists being  of  a  reddish  colour  and  full  of  bacilli,  with  bubbles  of  gas  scat- 
tered here  ajid  there.  The  bacilli  will  he  found  located  principally  in  the 
serous  cavities  and  in  the  fluids  contained  in  the  different  organs.  Guinea- 
pigs  inoculated  with  the  peritoneal  fl.uid  taken  from  such  an  animal  will  die 
very  quickly.    The  bacilli  can  only  be  demonstrated  in  the  blood  several 
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itfi  o/ter  death.  If  bouillon  cultures  are  kept  for  ten  minutes  at  a.  tempera- 
to  of  115°  C.  (239°  F.),  or  if  thej  are  filtered  first  through  porcelain,  and 
tbta  about  100  cubic  centimetres  of  the  fluid  rendered  germ-free  in  either 
njare  injected  at  three  successive  periods  into  the  perito- 
mI  cavity  of  a  guinea-pig,  the  animal  will  be  rendered  im- 
nime  from  subsequent  inoculations  with  the  bacilli  them- 
K]Te&  In  other  words,  by  injecting  the  products  of  the 
■utabolism  of  the  bacilli,  the  animals  can  be  made  unsuscep- 
tible to  the  bacilli. 

Baptie  Emphynma  and  other  ProceMM  doe  to  the  Bacilliu 
Ui  Gaumitnia — In  a  case  of  fatal  septic  emphysema  in  Ous- 
asbauer's  clinic,  Chiari  found  that  the  Bacillua  coli  com- 
KUiM  was  the  cause  of  the  disease.  Chiari  attempted  to 
eicite  a  disease  analogous  to  the  "  septic  emphysema ''  in  man 
irith  its  gaa  formation,  by  injecting  these  bacilli  into  animals, 
Int  all  his  attempts  failed.  He  could  not  bring  about  gas 
tcnnation.  though  he  made  intravenous,  intraperitoneal,  and 
nbcutaneous  injections.  The  animals  died  from  septicirmia, 
ud  the  bacilli  taken  from  their  dead  bodies  and  isolated  in 
puRcultureis  evolved  gas  in  considerable  quantities.  Bunge 
ud  others  have  confirmed  this  observation  of  Cliiari's.  The 
colon  bacillus  which  is  normally  present  in  the  mouth  and 
Intro-intestinal  canal  produces  extremely  poisonous  products 
of  Dietabolism  which  are  probably  destroyed  by  the  bile  (Gil- 
bert). It  is  of  very  variable  virulence.  Although  usually 
kvmless.  it  may,  for  unknown  reasons,  take  on  a  high  grade 
of  virulence  and  give  rise  to  various  forms  of  inflammation, 
M  only  of  the  intestine  (enteritis,  dysentery,  appendicitis) 
»nd  ita  vicinity  (peritonitis,  liver  abscess,  endometritis)  but 
»l»in  distant  organs  (endocardium,  meninges,  thyroid  gland, 
longs,  joints),  and  of  the  external  coverings  of  the  body. 
Other  micro-organisms,  such  as  streptococci,  are  sometimes 
fwental  the  same  time.  According  to  Park  the  Bacterium 
ro'i  fommtine.  which  occurs  in  different  forms,  is  probably  identical  with 
Enimtrichs  Bacillus  neapoh'tanus.  the  Bacillna  fivlidus,  the  Bacillua 
wlii  aerogenes.  and  a  number  of  others. 

Friinkel  obtained  from  four  cases  of  malignant  oedema  an  anaerobic  ba- 
ollus  incapable  of  motion,  which  is  similar  to  the  anthrax  bacillus,  and  som©- 
liiDea  occurs  in  the  form  of  threads  joined  together.  Subcutaneous  injections 
'^  llwse  cultures  gave  rise  in  guinea-pigs  to  typical  malignant  (edema. 

Sjaptomi  of  a  CiroomMribed  Cellolitis. — The  symptoms  of  a  more 
"f  leea  circnmecribed  cellulitis  vary  with  the  latter's  situation ;  tlie 
liore  snperfieial  the  intlammatioii  is,  the  plainer  are  the  manifeetations 
of  the  beginning  cellulitis.  In  a  BUperflcial  cellulitis,  involving  the 
(tin  and  subcutaneoue  cellular  tissue,  the  affected  skin  area  is  red  and 
girollen,  it  feels  hot,  and  ia  painful  upon  pressure.  The  skin  is  tense 
with  cei'lema  and  cannot  be  lifted  from  the  underlying  parts.     The  in- 
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ItratiOD  feeU  hard  at  first,  but  entisequeDtly,  with  the  onset  of  suppu- 
ratioo,  it  becomes  soft  and  dougliy.  Resolution  of  tbe  inflammation 
without  suppuration  is  a  verj  rare  occurrence.  When  the  transitiou 
to  pus  has  taken  place,  wlien  an  abscess  is  present,  the  affected  area 
fiuctUBtes — i.  e.,  by  alternating  pressure  made  with  both  index  fingen^ 
tlie  pus  is  caused  to  "  fluctuate "  or  take  on  a  wave  motion,  as  any 
fluid  will  do  when  set  in  motion  iii  a  cavity  with  yielding  walls.  The 
pus  either  forces  its  way  to  the  surface  through  the  skin,  which  under- 
goes a  gradual  thinning  process,  or  it  is  evacuated  by  an  incision.  The 
longer  the  suppuration  is  allowed  to  continue  l>efore  being  permitted  to 
escape  externally  the  more  apt  is  the  pus  to  burrow  or  extend  to  the 
parts  in  the  neighbourhood  of  the  abscess.  In  this  way  a  spreading 
cellulitis  dangerous  to  life  may  onginate  from  a  circumscribed  cellu- 
litis or  suppuration. 

If  a  circumscribed  cellulitis  is  deeply  situated  at  the  outset,  there 
is  but  little  change  in  the  skin,  and  neither  swelling  nor  redness  will  l^e 
present,  and  only  when  the  deep  process  draws  near  to  the  surface  of 
the  body  will  any  of  the  above-described  manifestations  of  its  presence 
be  revealed,  the  first  l>eing  pain  on  pressure  with  cedenia  and  redness 
of  the  skin. 

In  the  neighbourhood  of  the  circumscribed  cellulitis  there  will  be 
necrosis  of  the  skin,  and  particularly  of  the  fascia,  tendons,  tendon 
sheaths,  muscles,  and  bones,  in  proportion  to  the  amount  of  inHammatory 
infiltration  and  the  ensuing  suppurative  breaking  down.  This  death 
of  tissue  will  be  the  more  easily  prevented  or  limited  the  earlier  incisions 
are  made,  and  the  cavity  washed  out  with  antiseptic  solutions  of  bi- 
chloride of  mercury  {1  to  1,00()-2,OOU)  or  of  carbolic  acid  (three  yier 
cent.).  Every  cellulitis  which  is  not  recognised  early  in  its  course  may 
not  only  lead  to  extensive  suppuration,  with  a  proportionate  destruction 
of  tissue,  but  may  even  cause  the  death  of  the  patient  from  a  fatal  gen- 
eral systemic  infection— pyaemia,  for  instance — if  the  inflammatory  ele- 
ments are  carried  off  and  spread  throughout  the  body  by  the  blood- 
vessels. Under  such  conditions  inflammation  of  the  lymph  channels 
(lymphangitis)  and  inflammation  of  the  arteries  and  veins  (arteritis, 
phlebitis)  may  he  excited,  with  the  formation  of  suppurating  thrombi  in 
the  veins,  also  swellings  and  abscesses  of  the  lymph  glands,  and  meta- 
static abscesses  in  the  internal  organs,  etc.  Accompanying  every  cir- 
cumscribed cellulitis  there  will  be  fever,  the  intensity  of  which  will 
vary  according  to  the  \-irulence  of  the  poison. 

Felon  or  Faronychia.— .\  felon  is.  for  the  most  part,  at  the  outset  a  cir- 
cumscribed iiiHainniatiou  of  the  siibciitaiieous  cellular  tissue  of  a  finger,  par- 
ticulai'ly  about  the  nail  and  on  the  palmar  aspect     Paronychia  may  appear 
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lo  l>egin  aitontaneously.  but  usually  i-esulu  from  some  injury,  wliicli  may  be 
only  a  very  small  abrasion  of  the  epidermis.  It  is  most  apt  to  occur  in  indi- 
viduals who  are  constantly  receiving  superficial  injuries  of  the  skin  on  their 
fingers,  or  in  those  who.  like  physicians  and  anatomists,  frequently  liandle 
decomposing  substances  and  thus  infect  thetnselves.  The  inflammation  is 
more  likely  to  spread  into  the  deeper  parts  than  to  come  to  the  surface ;  but 
there  are  also  superficial  forms  of  parouj'chia  which  spiiead  very  rapidly. 
The  pain  is  usually  very  severe,  as  ^reat  pressure  is  exerted  upon  the  nerves 
in  the  tense  tissues.  Death  of  tissue  is  a  common  occurrence  as  a  result  of 
tlte  closure  of  the  capillaries  and  small  veins  and  arteries  by  pressure.  If 
the  paronychia  aitends  to  the  tendon  sheath,  it  usually  spreads  rapidly  on 
account  of  the  looseness  of  the  tissue.  From  a  neglected  felon  or  paroiiy- 
chia,  resulting  in  a  spreading  cellulitis,  many  a  patient  has  suffered  a  serious 
loss  of  function  of  the  hand,  or  the  hand  itself,  or  the  forearm,  or  the 
whole  arm,  while  the  lives  of  some  patients  have  not  been  saved  even  by  an 
amputation. 

Symptomi  of  the  Diffnie  Spreading  Celltilitu.— The  diffuse  sjrreading 
ceiJuliti/i.  formerly  called  dipiitheritia  of  the  eellalar  tissue,  is  UBuallj 
very  acute  and  much  worse  than  t!ie  circumscribed  variety.  Like  tlie 
latter,  it  is  sometimes  caused  by  very  trifling  injuries,  such  as  a  needle 
prick,  or  by  a  wound  of  the  soft  parts  of  a  bone,  or  of  a  joint,  which 
is  not  brought  soon  enough  under  the  protection  of  antiseptic  treat- 
ment. The  local  nianifestations  are  at  the  outset  the  same  as  tboee  of 
a  circumscribed  cellulitis.  In  many  instances  the  disease  liegine  with 
a  severe  chill  and  a  proportionately  high  fever.  The  changes  in  tlie 
overlying  skin  may  at  first  be  very  slight,  and  in  fact  it  is  not  even 
reddened  in  the  very  dangerous  deep  forms  of  cellulitis  which  spread 
very  rapidly.  Just  these  cases  are  the  ones  so  often  unret^ognised  by 
the  beginner.  The  process  spreads  quickly  in  the  deep  subfascial  cellu- 
lar tisane,  and  may  terminate  in  a  relatively  short  time  in  a  fatal  sys- 
temic infection.  But  in  a  spreading  diffuse  cellulitis  tbe  skin  is  gen- 
erally involved,  and  has  a  dark  or  bhiish-red  colour,  and  not  infreqaently 
the  epidermis  is  elevated  by  blebs ;  tbere  is  also  an  inflammatory  in- 
filtration of  the  skin  which  may  make  it  as  hard  as  a  board.  If  the 
cellulitis  is  deeply  situated,  the  skin  feels  more  doughy  and  cedcmatous. 
The  pain  is  very  marked  and  usually  there  is  a  high  fever.  Not  rarely 
the  course  of  the  disease  is  so  acute  that  even  after  tbe  expiration  of 
four  to  live  days  disarticulation  of  tbe  extremity  may  be  necessary,  or 
it  may  even  then  l>e  too  late  to  prevent  the  death  of  tbe  patient  from  the 
general  systemic  poisoning.  This  form  of  septic,  spreading  cellulitis  with 
high  fever,  extensive  gangrenous  destruction  of  tissue,  and  death  by 
general  systemic  jmisoning,  has  a  very  nnfavouraltle  prognosis,  and  has 
received  the  names  of  malignant  tedema,  progressive  gangrenous  em- 
pbTNma,  acnte  purulent  oedema  (Pirogoff),  and  gitiiffrene  fmidroyanU 
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(Maisonneuve).     These  dangerous  forms  of  septic  cellulitis  are  excited 
by  the  bacillus  described  on  page  339. 

If  the  diffuse  inflammatory  infiltrate  in  the  subcutaneous  cellnlar 
tissue,  in  the  subfascial  and*  intermuscular  tissue,  the  sheaths  of  the 
tendons,  and  in  the' periosteum,  is  changed  into  pus  and  softens,  the 
pain  decreases,  and  there  follows  an  extensive  necrosis  of  the  infiltrated 
tissaes,  including  the  skin,  subcutaneous  cellular  tissue,  fascia,  muscles, 
tendons,  and  bone.  Large  sacs  are  formed  filled  with  pus,  the  skin 
is  lifted  from  the  underlying  parts,  and  joints  are  opened.  As  a  result 
of  the  decomposition  of  the  pus,  emphysema,  or  the  formation  of  gas, 
takes  place,  and  this  may  be  so  marked  that  a  peculiar  crackling  can 
be  obtained  on  palpation,  and  a  more  or  less  tympanitic  resonance  will 
be  elicited  on  percussion.  If  the  diflPuse  cellulitis  does  not  carry  off  the 
patient  by  general  sepsis,  the  subsequent  course  of  the  disease  is  often 
very  tedious,  consisting  in  the  gradual  sloughing  away  of  the  gangre- 
nous parts,  and  the  proportionate  formation  of  cicatricial  contractures 
in  the  skin,  tendons,  muscles,  joints,  etc.  The  patient  may  also  die  in 
this  stage  from  pyaemia,  marasmus,  parenchymatous  degeneration  of 
the  internal  organs,  or  from  extension  of  the  inflammation  to  vital 
parts — for  example,  from  the  skull  to  the  meninges.  Death  may  also 
result  from  hffimorrhage  following  suppurative  perforation  of  the 
arteries  or  large  veins,  etc. 

PrognoiiB  of  CeUulitis.— The  prognosis  of  cellulitis  varies  greatly,  de- 
pending upon  the  situation  of  the  disease,  the  extent  of  the  inflammation, 
and  the  kind  of  bacteria  which  excites  the  process.  A  cellulitis  of  the  scalp, 
for  instance,  is  a  serious  matter,  from  the  danger  of  the  inflammation  spread- 
ing to  the  cranial  cavity.  In  general,  the  superficial  forms  of  cellulitis  are 
not  dangerous,  while  the  deeper,  subfascial,  spreading  forms,  by  causing  gen- 
eral systemic  infection,  involve  the  greater  risk  to  life  the  longer  they  remain 
unrecognised.  The  worst  forms  are  those  with  progressive  emphysema, 
caused  by  infection  with  the  bacillus  of  malignant  oedema;  they  often te^ 
minate  fatally  within  a  few  days,  before  the  local  manifestations  of  the  pro- 
cess become  plainly  marked.  The  prognosis  of  the  others  may  be  inferred 
from  what  has  been  said  of  them. 

Treatment  of  Cellulitis. — The  treatment  of  every  cellulitis  is  prac- 
tically the  same,  whether  the  inflammation  is  circumscribed  or  spread- 
ing.    Much  time  used  to  he  lost  by  the  employment  of  poultices  to 
obtain  resolution  of  the  inflammation.     The  knife  should  be  nsei.1  s* 
soon  as  possible,  and  free  incnsions  made  to  diminish  the  inflammatory 
tension  of  the  tissues  and  to  allow  the  pus  to  escape.     We  do  not  waV 
till  suppuration  and  ])reaking  down  of  the  tissues  have  taken  plac^ 
but  we  immediately  make  an  incision  into  the  region  where  there  is  th-* 
most  pain  or  the  most  pron<»unced  swelling  and  inflammatory  infiltra 
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tion,  even  though  there  may  be  as  yet  no  pus  present.  If  early  inci- 
sions are  thus  made  it  may  be  possible  to  prevent  death  of  tissue  from 
taking  place,  particularly  in  the  tendon  sheaths,  bones,  etc.,  or  at  least 
to  limit  the  amount  of  it,  and  cases  treated  in  this  manner  will  heal 
comparatively  the  most  rapidly.  The  incisions  should  not  be  too  small ; 
it  is  better  to  make  them  too  free  rather  than  not  large  enough.  The 
collection  of  pus  should  be  laid  bare  throughout  its  whole  extent  by 
long  incisions,  and  any  pockets  that  may  be  present  opened  up.  If  the 
cellulitis  is  deep,  the  incision  should  be  carried  through  the  skin  and 
imsL  with  the  knife,  and  then  the  incision  should  be  deepened  with  a 
blunt  instrument — a  closed  dressing-forceps,  for  instance — down  to  the 
bone  if  necessary.  In  an  extensive  cellulitis  the  parts  which  appear 
Bouod  must  be  examined  very  carefully,  to  determine  whether  pus  may 
not  have  burrowed  into  or  beneath  them.  After  making  the  incisions 
the  region  in  which  there  have  been  large  collections  of  pus  should  be 
washed  out  vigorously  with  a  1  to  1,000  solution  of  bichloride  of  mer- 
cnry,  or  three  to  five  per  cent,  of  carbolic  acid.  Schimmelbusch  and 
others  have,  it  is  true,  proved  that  the  disinfection  of  infected  wounds 
accomplishes  very  Uttle  or  nothing,  because  the  micro-organisms  enter 
the  interstices  of  the  tissues  very  quickly  and  are  thus  out  of  reach  of 
the  action  of  the  antiseptic  solutions.  Furthermore,  it  should  be  borne 
in  mind  that  all  bacteria  after  they  have  been  killed  have  a  pyogenic 
letion  through  the  poisonous  protein  substances  that  are  set  free,  and 
upon  these  the  antiseptic  solutions  have  no  action.  If  infected  wound 
avities,  abscesses,  etc.,  are  freely  opened  and  drained  the  pathogenic 
l»cteria  which  are  mostly  obligate  or  facultative  anaerobic  are  so  hin- 
lered  in  their  development  by  the  entrance  of  air  that  they  will  usually 
lie  in  part  in  consequence  merely  of  the  incision  and  drainage.  Ilenle 
wd  Messner  came  to  exactly  opposite  conclusions  to  those  of  Schim- 
melbusch, particularly  if  they  used  cultures  of  not  too  great  virulence. 
According  to  them  a  general  infection  can  be  prevented  by  energetic 
ttrfection  of  infected  wounds.  In  any  case  we  should  make  it  the 
nileto  disinfect  infected  wounds  just  as  we  have  always  done,  and  thus 
conform  to  the  general  practice.  The  discharge  of  pus  is  provided  for 
V^teuse  of  drainage  tubes  or  gauze  packing.  The  best  dressing  for 
^circumficribed  cellulitis  is  one  which  is  antiseptic  and  absorbent — for 
^raple,  iodoform  gauze,  sterilised  mull  and  cotton,  or  pads  of  moss, 
pite,  etc.  Of  course,  the  dressings  should  not  exert  any  more  than 
nioderate  pressure,  to  prevent  pus  from  being  forced  into  the  connec- 
tive-tissue spaces.  In  cellulitis  of  the  fingers,  I  employ  wet  dressings 
rf  1  per  cent,  acetate  of  aluminium  and  warm  antiseptic  baths,  and  tlien, 
"ter,  iodoform  and  boric  ointment.     Poultices,  which  used  to  be  so 
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much  in  vogue,  should  be  condemned.  Their  use  has  caused  mnei 
harm.  To  be  able  to  determine  whether  there  is  any  burrowing  or  re- 
tention of  pus,  the  dressings  must  at  first  be  frequently  changed,  pos- 
sibly every  day,  or  every  second  or  third  day ;  and  not  until  the  wound 
begins  to  granulate  and  suppuration  ceases  can  the  dressings  be  left 
undisturbed  for  a  longer  period.  If  the  suppuration  has  been  extett- 
sive,  secondary  sutures  may  be  of  service  in  hastening  the  repair  after 
the  packing  has  been  removed. 

In  diffuse  cellulitis,  with  extensive  destruction  of  tissue,  long  in- 
cisions, followed  by  packing  the  wounds,  are  particularly  valuable,  and 
this  may  be  subsequently  supplemented  with  advantage  by  permanent 
irrigation  (pages  181,  182).  After  the  gangrenous  tissues  are  cast  oS 
and  the  granulating  stage  has  begun,  a  return  may  be  made  to  anti- 
septic protective  dressings  of  iodoform,  dermatol,  etc.  To  shorten  the 
time  required  by  a  large  granulating  wound  to  become  covered  with 
skin,  Thiersch's  skin  grafts  are  very  useful  (see  §  42).  In  the  treat- 
ment of  every  cellulitis,  it  is  exceedingly  important  to  secure  for  4e 
inflamed  part  a  proper  position  upon  splints  (§  53),  or  in  a  sling  (Fig. 
181),  etc.  Elevation  of  an  inflamed  lower  extremity,  or  verticil  ana- 
pension  of  an  inflamed  hand,  has  an  excellent  effect,  and  sometimeB 
works  wonders.  In  the  worst  cases  of  septic  cellulitis,  amputation  or 
disarticulation  of  the  affected  extremity  will  sometimes  be  found  necea- 
sary  in  order  to  save  the  life  of  the  patient.  Unfortunately,  the  operation 
is  sometimes  performed  too  late,  when  general  sepsis  is  already  present 

The  after-treatment  of  the  sequelee  of  cellulitis,  the  cicatricial  con- 
tractures, necrosis  of  bone,  etc.,  is  conducted  on  the  lines  laid  downfof 

these  conditions  in  another  chapter  (Contractures,  Necrosis  of  Bonea). 

• 

Phlegmasia  Alba  Doleni,  or  ''  milk  leg/'  is  an  inflammation  of  the  le;. 
rarely  of  both  legs,  running  a  slow  course,  with  oedema  and  pain,  principally 
due  to  venous  thrombosis  and  occurring  mostly  in  lying-in  women  and  in 
cachectic  patients  (tuberculosis,  carcinoma,  etc.).  The  phlegmasia  alba  doleni 
of  puerperal  women  is  usually  caused  by  the  extension  of  an  infectious  in- 
flammation of  the  pelvic  connective  tissue  (parametritis),  which  ordinarily 
takes  place  in  the  second  week  after  confinement.  It  terminates  either  iB 
absorption  of  the  inflammatory  infiltrate,  or  in  suppuration  or  gangrene, 
and  rarely  in  death,  which  is  then  apt  to  be  due  to  embolism  or  sepsis  Tli6 
phlegmasia  alba  dolens  of  cachexia  is  mainly  the  result  of  venous  staM 
caused  by  defective  cardiac  and  pulmonary  activity.  It  rarely  goes  on  te 
suppuration. 

§  71.  Erysipelas. — Bv  erysipelas  (from  epvOpo^,  red,  and  iriXXa^  ddni 
is  meant  a  spreading  inflammation  of  the  external  cutaneous  coverin] 
of  the  body,  or  rather  of  its  smaller  lymph  channels,  and  of  those  ( 
the  subcutaneous  cellular  layer,  caused  by  bacteria  (streptococcus). 
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is  a  specific  dermatitie,  cliaracterised  (1)  liy  a  more  or  less  rapid,  for 
the  most  part,  continuous  extension  along  tlie  surface,  less  often  into 
tlie  deeper  parts ;  (2)  Ly  a  toxic  diseased  state  of  tbe  general  ejstem 
(intoxjcation  fever)  going  Land  in  hand  with  the  local  inflammatory 
disease ;  and  (3)  generally  by  a  complete  restitutio  ad  integrum 
of  the  local  inilamiuBtiou,  at  least  in  tbe  typical  and  uncomplicated 
cases.  Gangrenous  destructive  processes,  abscess  formation,  etc., 
take  place  in  exceptional  cases,  and  are  then  complications  of  the 
■local  disease. 

Etiology  of  Eryaipelas—StreptocooooiofErysipeUB.— The  wicro-orj^auism 
of  erysipelas  ia  generally  a  streptococcus  (Figs.  21)5,  296,  and  307)  which  was 
first  obtained  in  pure  cultures  by  Fehleisen.  If  man  or  animals  are  inocu- 
lated with  this  streptococcus  true  erysipelas  will  result.  I  have  produced  in 
animals  (rabbits)  true  erysipelas  by  iuoculating  them  with  the  contents  of 
erysipelas  blebs.  The  Slreptococcua  eryaipelatis  is  found  almost  every- 
where, particularly  in  tlie  air  of  surgical  wards  (Eisebberg). 

Tissues  affected  by  this  disease,  when  examined  by  the  microscope,  reveal 
the  erysipelas  coccus,  especially  in  tbe  lymph  spaces  of  the  skin  and  subcu- 
taneous cellular  tissue,  but  it  is  usually 
not  to  be  found  in  the  blood-vessels.  ^^ 

Not  infrequently  there  will  be  large  ■  ■■  ^^ 

groups  of  the  streptococcus  present. 
Recent  investigations  have  demonstrat- 
ed that  Febleiseu'a  erysipelas  coccus  ia 
identical  with  the  Streptococcus  pyo- 
genes described  on  page  329,  and  neither 
coccus  can  be  distinguished  from  the 
otber  in  any  way.  The  description  of 
the  erysipelas  coccus  is  given  on  page 
329  {Streptococcus  pyogenes).  Suppu- 
ration and  abscess  occur  in  erysipelas, 
in  all  probability,  when  tlie  streptococci 
develop  in  large  numbers  iu  the  tissues  outside  of  the  lymph  cliannels,  or 
when  there  is  a  mixed  infection — in  other  words,  when  the  Staphylococcus 
pyogenes  aureus  or  other  pus  cocci  are  present  in  addition  to  the  Strepto- 
coccus pyogenes.  The  erysipelas  which  is  complicated  by  gangrenous  de- 
structive processes  is  also  probably  caused  by  a  mixed  infection.  Some  au- 
thorities claim  that  erysi|H;laa  can  be  caused  by  staphylococci  and  tj'phoid 
bacilli.  These  are  sometimes,  without  douhL  mixed  infections.  Tbe  combi- 
nation of  the  streptococcus  and  typhoid  bacillus  is  said  to  be  particularly 
dangerous.  Erysipelas  may  accordingly  be  said  to  be  a  uon-speciflc  disease. 
It  is  possible  to  differentiate  two  main  varieties  of  tbe  disease :  1,  the  true 
primary  erysipelas  caused  almost  exclusively  by  the  streptococcus;  and,  8. 
n  secondary  erysipelas  that  occurs  in  the  course  of  infectious 
i,  and  is  caused  by  the  micro-organism  that  has  given  rise  to  the  dis- 
K  question.  Kallenliach  and  others  have  made  the  interesting  observa- 
~l>t  erysipelas  or  the  erysipelas  coccus  can  be  transmitted  from  the 
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mother  to  the  foetus  in  utero.  Bostroem  has  also  demonstrated  the  fact  tha/ 
erysipelas  cocci  may  enter  the  blood.  He  saw  an  acute  catarrhal  pneumonia 
develop  in  conjunction  with  a  facial  erysipelas,  and  after  death  the  lym- 
phatic vessels  in  the  lungs  were  found  filled  with  streptococci.  The  systemw 
intoxication,  the  fever  in  erysipelas,  is,  in  the  main,  the  result  of  the  entrance 
into  the  circulation  of  the  metabolic  products  of  the  streptococci  The  strep- 
tococci themselves  cannot,  as  a  rule,  be  demonstrated  in  the  blood. 

Eryupelasof  Mucous  Hembranea — Erysipelatous  inflammations  occur 
not  only  in  the  external  cutaneous  coverings  of  the  body  but  also  in 
mucous  membranes,  especially  the  adjoining  mucous  membranes  of 
the  nose,  mouth,  and  their  adnexa,  the  trachea,  the  female  genital 
tract,  the  bladder  and  the  rectum.  A  cutaneous  erysipelas  may  have 
involved  these  mucous  membranes  in  its  course,  Or,  on  the  other  hand, 
an  erysipelatous  inflammation  may  originate  in  the  mucous  membranes 
and  extend  from  them  to  the  skin  in  the  form  of  a  true  erysipelas. 

Erysipelas  is  a  true  infectious  disease  of  wounds — i.  e.,  it  originatei 
from  some  interruption  of  continuity  which  may  be  of  the  most  insig- 
nificant character.  Erysipelas  does  not  originate  spontaneously  in  the 
sense  that  used  to  be  understood  by  the  term.  But  there  are  forms  of 
erysipelas — for  instance,  in  systemic  pysemic  poisoning — which  have  a 
metastatic  origin.  From  any  cellulitis  a  capillary  lymphangitis,  in 
other  words,  an  erysipelas,  may  begin  if  the  streptococci  find  lodg- 
ment and  undergo  subsequent  develo})ment  in  the  lymphatics  of  the 
skin  and  subcutaneous  cellular  tissue. 

Location  of  Erysipelas. — As  regards  the  localities  affected  by  erj- 
sipelas,  it  occurs  most  frequently  upon  the  face,  often  starting  from 
some  superficial  abrasion  of  the  skin,  an  ulcer  in  the  nose,  etc.  Some- 
times erysipelas  cases  occur  in  such  numbers  in  some  particulaf  locali^ 
or  in  some  hospital  that  the  disease  becomes  epidemic,  or,  rather,  en- 
demic. Like  every  infectious-wound  disease,  erysipelas  has  become 
less  common  since  the  general  use  of  antiseptic  methods,  and  by  strict 
asepsis  it  is  possible  to  absolutely  prevent  an  outbreak  of  erysipelas  in 
a  recent  non-infected  wound. 

S3nnptomatology  of  Erysipelas. — The  clinical  picture  of  true,  uncom- 
plicated, cutaneous  erysipelas  is  in  the  majority  of  instances  character- 
ised by  tlie  sudden  occurrence  of  a  rapidly  rising,  generally  severe 
febrile  movement  which  goes  hand  in  hand  with  the  erysipelatous  in- 
flammation of  tlie  skin.  Sa])8equently  there  is  just  as  rapid  a  defer- 
vescence, the  temperature  falling  to  the  normal  or  below  it  when  the 
local  erysipelatous  inflammation  approaches  its  termination. 

At  the  beginninf]:  of  a  true  cutaneous  erysipelas  there  will  be  noted 
the  gradual  appearance  of  a  diffuse,  somewhat  elevated  reddening  o\ 
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the  skin  in  immediate  proximity  to  some  small  or  large,  recent  or  old, 
granulatiiig  or  ulcerated  womid  of  the  skin.  Frequently  no  wound  of 
the  skin  can  be  made  out  at  all ;  a  slight  cutaneous  abrasion  may  have 
already  healed.  In  other  cases  the  point  at  which  the  streptococci  of 
erysipelas  have  entered  may  be  found  in  some  adjoining  mucous  men^- 
bnme  or  in  some  widely  removed  region.  The  redness  is  at  the  outset 
iptto  be  in  spots,  which  often  appear  as  though  the  lymphatic  network 
had  been  injected  with  some  red  material.  It  was  mentioned  before 
that  the  streptococci  of  erysipelas  spread  mainly  in  the  lymph  channels 
of  the  skin  and  subcutaneous  cellular  tissue.  The  original  spots  very 
won  coalesce,  forming  an  even,  diffuse  redness.  Sometimes  the  redden- 
ing of  the  skin  may  start,  as  has  been  said,  at  a  greater  or  less  distance 
from  a  wound  or  interruption  of  continuity  in  the  epidermis,  and  under 
Mch  conditions  the  red  stripes  of  a  lymphangitis  will  connect  the 
wound,  on  the  fingers  or  toes,  for  instance,  with  the  commencing  red 
^t  on  the  arm  or  on  the  leg  or  thigh  (see  Lymphangitis,  §  68).  The 
erysipelatous  redness  and  swelling  extend  steadily  now  in  this  and  now 
in  that  direction ;  they  migrate,  and  may  involve  large  areas  of  skin, 
<tf  even  the  entire  body,  depending  upon  the  intensity  of  the  disease. 
The  areas  of  skin  first  aflEected  begin  to  turn  pale  again  after  the  lapse 
of  about  two  to  four  days,  and  sometimes  earlier.  In  the  regions 
where  the  skin  is  firmly  attached  to  the  underlying  parts,  to  the  bones 
or  fascia,  the  erysipelas  is  apt  to  come  to  a  standstill.  Erysipelas  gen- 
erally extends  progressively,  though  in  cases  of  rapid,  wandering  ery- 
sipelas the  disease  may  sometimes  skip  over  an  area  of  skin — for  in- 
stance, in  erysipelas  of  the  foot — a  large  erysipelatous  patch  may  sud- 
denly appear  in  the  region  of  the  knee  or  thigh,  and  then  soon  after- 
wards coalesce  with  the  patch  on  the  foot.  Under  these  conditions  the 
two  foci  of  erysipelas  are  usually  connected  by  red  stripes  (lymphangi- 
tis). Occasionally,  especially  when  occurring  as  a  complication  of 
pyasmia,  there  will  be  observed  the  so-called  erratic,  or,  better,  multii)le 
erysipelas,  which  makes  its  appearance  by  metastasis  upon  different 
parts  of  the  body. 

The  erysipelatous  reddening  of  the  skin  ordinarily  exhibits  different 
tinges,  varying  from  a  bright  to  a  dark  red  colour.     In  weak  indi- 
ndnals,  or  when  complicating  pulmonary  or  cardiac  affections  (disturb- 
ances of  circulation),  or  just  before  death  or  as  the  first  stage  of  local 
death  of  tissue,  the  erysipelas  has  more  of  a  bluish  colour. 

If  there  are  gastric  complications,  or  if  occurring  in  drunkards,  the 
^ntaneous  redness  occasionally  assumes  a  yellowish  shade. 

The  swelling  in  an  area  affected  by  erysipelas  is  usually  uniform, 
nd  the  pain  in  the  majority  of  cases  is  slight,  but  is  increased  on 
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prebsure  with  the  finger.  'Wherever  the  skin  is  snperimposed  opa 
distensible  loose  tisBue  there  will  be  a  marked  erjBipelatoae  exudation 
as  in  the  scrotum,  penis,  the  female  genitals,  the  eyelids,  or  the  lipt 
As  a  result  of  the  saturation  of  the  superficial  layers  of  the  cutis  widt 
serum  during  the  course  of  an  erysipelas  there  will  often  develop 
smaller  or  larger  blebe,  at  the  outset  containing  a  clear  serous  fitii^ 
and  later,  for  the  most  part,  pus.  The  blebs,  aa  a  usual  thing,  voj 
soon  dry  up  and  form  crusts. 

The  extension  of  the  erysipelas  takes  place  now  from  this  and  not 
from  that  border,  it  strides  forward  like  a  fire ;  it  wonders,  and  hence 
the  name  erysipelas  migrans  or  ambulans.  For  several  days  the  eiy- 
sipelas  may  spread  in  some  particular  direction,  and  theu  the  procM 
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censes  and  begins  to  spread  from  another  border.  It  acts  like  a  fire 
which  cannot  be  controlled  and  which  continues  to  bum  wherera 
there  is  food  for  it,  and  the  flame  may  suddenly  again  break  out  Id  i 
region  where  it  seemed  quenched.  Pfleger  thinks  that  the  spread  d 
erysipelas  in  a  particular  direction  depends  upon  the  course  of  tbt 
linear  furrows  of  the  skin.  The  rapidity  with  which  the  erysipelatoB 
inflammation  extends  varies  jjreatly,  moving  forward  sometimes  one  ti 
two  centimetres  within  twenty-four  hours,  again  four  to  eight  or  fiftee 
to  twenty  centimetres  and  more.  Eventually,  in  the  great  majority  o 
cases,  tlic  inflammatory  redness  and  swelling  terminate  in  a  compM 
rett'didif)  (id  i/if^ffntm  ;  but  suppuration  may  occasionally  take  plai 
and  multiple  aliscesses  may  form,  or  as  a  result  of  very  pronouncf 
swelling  or  from  the  extension  of  tlie  disease  to  the  deeper  parts  tl 
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erTsipelas  may  become  complicated  by  phlegmonous  changes,  with  ex- 
teodre  or  limited  death  of  tissue  (erysipelas  phlegmonosum,  erysipelas 
gftDgrenosum).  A  process  the  reverse  of  this  sometimes  takes  place — 
i  e^  a  deep-spreading  cellulitis  may  come  to  the  surface  and  run  its 
600186  as  an  erysipelas  of  the  skin.  It  has  already  been  stated  that  in 
the  complicated  cases  of  erysipelas  there  is  usually  a  mixed  infection, 
doe  to  the  streptococcus  and  other  bacteria. 

The  general  constitutional  aymptoma  correspond  to  the  intensity 
and  extent  of  the  local  process.  The  rise  of  temperature  begins,  as  a 
role,  suddenly  and  rather  violently,  with  one  or  more  chills,  and  sub- 
sequently, when  the  erysipelas  ceases,  the  temperature  returns  to  the 
nonnal  with  equal  rapidity.  At  the  height  of  tJie  disease  the  tem- 
perature gerSrally  rises  to  about  40°  C.  (104:°  F.)  or  more,  and  in  ex- 
ceptional cases  it  may  reach  42°  C.  (107.6°  F.).  The  fever  may  have  either 
•continuous,  a  remittent,  or  an  intermittent  type  (see  pages  307,  309). 
Tery  often  there  will  be  pronounced  gastric  symptoms ;  the  regions 
€?er  the  liver  and  stomach  are  tender  on  pressure,  there  is  total 
]o68  of  appetite,  with  nausea  or  vomiting,  the  thirst  is  ordinarily  excess- 
ire,  the  tongue  is  heavily  coated,  dry,  etc.  The  spleen  is  frequently 
much  swollen ;  sometimes  there  is  pain  in  the  region  of  the  kidneys, 
tiie  urine  is  generally  dark  coloured,  and  may  contain  albumen,  blood. 
Me  pigment,  and  micrococci,  and  its  quantity  is  diminished.  If  the 
eryripelas  has  a  fatal  termination,  death  is  either  the  result  of  the  gen- 
eral systemic  poisoning  by  the  products  of  the  metabolism  of  the 
licteria,  or  it  is  caused  by  some  local  complication,  such  as  the  exten- 
•(m  of  the  erysipelas  to  some  vital  organ,  to  the  cranial  cavity,  for 
txample.  Occasionally,  if  the  erysipelas  is  protracted  for  a  great  length 
<rf  time,  the  gradually  increasing  exhaustion  of  the  patient  may  be  the 
direct  cause  of  death,  which  may  take  place  suddenly  after  convales- 
cence has  begun. 

There  is  no  typical  duration  for  an  erysipelas,  and  recurrences 
lie  very  common.  The  erysipelas  may  appear  to  have  come  to  an 
end  and  then  it  will  suddenly  start  up  again.  Its  duration  varies 
letween  hours  and  weeks.  There  are  well-marked  cases  of  erysipelas 
lirtbg  twenty-four  hours,  and  even  a  less  time,  and  others  which  eon- 
tiDue  for  a  week,  with  now  greater  and  now  less  intensity,  and  which 
may  eventually  involve  the  entire  body,  and  possibly  attack  the  same 
locality  several  times.  The  average  duration  of  erysipelas  amounts  to 
ibout  six  to  eight  to  ten  days,  but,  as  Billroth  says,  it  is,  as  a  general 
Wng,  unusual  for  the  disease  to  continue  more  than  fourteen  days. 

Habitual  Eryaipelaa* — Many  individuals  are  subject  to  what  is  called 
abitual  erysipelas,  a  form  of  the  disease  recurring  more  or  less  period- 
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ically  upon  some  particular  portion  of  the  body,  most  commonly  th 
face,  and  resulting  very  often  from  a  chronic  nasal  catarrh  which  i 
Accompanied  by  ulceration.  These  recurrent  attacks  of  erysipelas  giv» 
rise  not  infrequently  to  chronic  thickening  of  the  skin  (pachydermii) 
of  the  affected  parts — e.  g.,  on  the  lower  extremity,  the  scrotum,  vuIti, 
face,  etc. 

Complications  of  Erynpelaa.— As  complications  of  erysipelas,  there  nuj 
be  marked  disturbances  of  the  central  nervous  system  due  to  the  high  fewr 
or  general  systemic  poisoning,  particularly  in  an  erysipelas  of  the  head,  whicb 
^ves  rise  to  nieuiugitis.  When  the  latter  condition  arises,  there  will  be  at 
the  outset  very  marked  symptoms  of  irritation,  headache,  vomiting,  delirium, 
stupor,  and  finally  convulsions.  Exceptionally,  even  when  couvalesoenee 
has  begun,  and  after  the  erysipelas  and  the  fever  have  almost  compleldy 
vanished,  there  will  be  observed  in  excitable  persons  a  state  of  collapse  with 
delirium  of  a  more  or  less  maniacal  nature,  accompanied  by  illusions  and 
hallucinations  of  sight  and  hearing,  the  so-called  collapse  delirium.  Thii 
temporary  aberration  of  mind  lasts  usually  only  a  few  days.  More  rarely 
there  are  paralyses  of  the  peripheral  nerves  as  a  result  of  central  disturbance 
or  from  peripheral  neuritis  caused  by  the  erysipelatous  inflammation.  Ley- 
den  and  Ren  vers  observed  an  ataxia  of  the  lower  extremities  which  lasted  a 
considerable  time  and  followed  the  extension  of  an  erysipelas  of  the  head  on 
to  the  back. 

The  most  important  of  the  local  complications  which  may  arise  are  sap* 
puration  and  gangrene,  and  the  combination  with  an  inflammation  of  a 
phlegmonous  character.  The  number  of  multiple  abscesses  which  may 
make  their  appearance  in  the  stage  of  convalescence  is  comparatively  large 
— twenty  to  thirty  or  more.  Landouzy  saw  as  a  result  of  an  erysipelas  in- 
volving the  face,  hairy  portion  of  the  scalp,  the  neck  and  back,  sixty-niaa 
abscesses,  and  some  of  them  in  areas  which  had  not  been  affected  by  tlia 
erysipelas.  Occasionally  the  suppurative  process  is  more  diffuse  in  iti 
nature,  and  extends  inwards,  leading  to  suppiu^tion  of  the  muscles,  tendon 
sheaths,  joints,  etc.  (erysipelas  phlegmonosum).  The  erysipelatous  joint  sap- 
purations  appear  either  at  the  outset  and  run  a  very  acute  course,  or  th^ 
first  make  their  appearance  during  convalescence.  Mention  should  also ba 
made  of  phlebitis,  lymphadenitis,  and  abscesses  of  the  lymph  glands.  Thi 
lymph  glands  are  usually  swollen  at  an  early  stage  of  the  disease.  Gangifr 
nous  processes  occurring  in  a  true  erysipelas  are  rare  and  generally  of  limited 
extent,  and  only  extensive  and  severe  when  the  erysipelas  is  complicated  by 
changes  of  a  phlegmonous  character  (E.  gangrenosum).  Among  the  oth« 
local  complications  which  may  arise,  those  affecting  the  eye  should  ba 
included,  such  as  impaired  vision,  rarely  temporary  blindness,  panoj^ 
thill  I  ilia  with  atrophy  or  suppuration  of  the  eyeball,  particularly  whtt 
a  facial  erysipelas  spreads  to  the  cellular  tissue  of  the  orbit,  iritis,  ulcert 
tive  processes  of  the  cornea,  retinitis,  and  optic  neuritis  with  atrophy  o 
the  optic  nerves.  There  may  also  be  catarrhal  and  suppurative  procea* 
affecting  the  ear.  infiammation  and  suppuration  of  the  parotid  gland,  dyi 
phagia,  and  sometimes  changes  in  the  phar>'nx  simulating  diphtheria.  Occ 
sionally  an  infiammation  of  the  lungs  is  produced  (erysipelatous  pneumoiui 
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Pleurisy  aiid  cardiac  affections  ipepiemtlilis.  endocarditis,  and  myocarditis) 
lire  not  coiMirioii.  Ainotig  ihe  gfastro^ intestinal  coiuplieiiliuiiH  which  may 
arise  are  ulcerations  oi  the  small  inlestiue,  and  transitory  hypenemia  of  the 
intestinal  mucous  menibrune  accompanted  by  bloody  diarrhcca.  A  similar 
condition  luay  occur  in  patients  who  have  received  burns,  and  1  Lave  seen  it 
in  conjunction  with  extensive  carbolic  erythema  (see  page  15IS).  The  liver 
and  spleen  only  esceptlonully  give  rise  tu  cuinplicatious.  Jaundice  due  to 
gastritis  may  cH;casionaUy  be  preaeut,  but  ha.>maU)gen(iuH  juinidice  can  also 
occur  in  severe  cases  of  erysipelas  as  a  result  of  the  poisoning  of  the  blood 
by  the  products  of  the  bacterial  metabolism,  and  this  is  usually  a  precursor 
of  speedy  death.  Nephritis  is  often  present  as  a  complication,  but  it  is  gi  n- 
erally  of  a  temporary  nature;  only  in  vei-y  exceptional  cases  is  the  acute 
erysipelatous  nephritis  so  marked  as  to  cause  uraemia.  The  latter  is  particu. 
larly  dangerous  when  occurring  in  individuals  already  affected  by  kidney 
disease  before  they  were  attacked  by  erysipelas.  Erysipelas  is  sometimes 
complicated  by  pya-miu  and  septicaemia  (see  SS  74  and  75}.  and  occasionally, 
as  has  been  stated,  erj'sipelus  will  occur  in  the  course  of  a  pyaemia. 

BehanODl  of  the  Wound  in  Erydpelaa— The  interruption  of  continuil; 
from  which  the  erysipelas  has  sprung  seldom  manifests  any  complications. 
The  healing  of  the  wound  per  primam  intenlionem  is  not  often  disturbed; 
but  the  healing  may  sometimes  be  only  apparent,  and  tlie  wound  may  only 
unite  superficially,  while  in  its  deeper  parts  there  will  Ije  a  retention  of  the 
secretion  or  of  pus.  A  granulating  wound  will  often  eshibil  a  6ry  or  dirty 
appearance,  and  maybe  covered  by  a  peculiar  croupous  diphtheritic  mem- 
brane, Erysipelas  has  occasionally  been  complicated  by  hospital  gangrene 
tS  721,  es|>ecially  before  antisejisis  was  intro<iuced. 

The  Curative  Effect  of  Erysipelaa.  ^Greut  interest  attaches  to  the 
iDduence  exerted  by  iiii  inten-urreiit  ervBipelas  of  the  skin  upon  new 
growths,  particularly  those  of  a  lupoid  or  eyphilitic  nature,  with  or 
without  ulceration,  and  also  upon  tumours,  such  as  sarcoma  and 
carcinoraa.  It  has  liecn  noticed  that  the  ahove- mentioned  forma- 
tiona  may  permanently  disappear,  and  that  ulcers  of  long  standing 
and  chronic  skin  diseases,  which  resistetl  every  kind  of  treatment, 
have  improved  and  were  healed  after  an  erysipelas  had  passed  over 
them.  The  French  have  given  the  appropriate  name  of  ei'tfrnfielf 
nalufiiire  to  an  erysijtelae  which  acts  in  this  way,  and  numerous  obser- 
vations are  recorded  in  literature  upon  the  healing  powers  of  enisipelas 
for  all  sorts  of  diat'iises.  W.  Busch,  in  particular,  has  recorded  some 
very  remnrknhle  facte  relating  to  the  curative  effect  of  erysijteliis  njion 
large  tiiinours  (sarcomata,  lympliosareomata),  and  he  showed  thai  the 
tumours  underwent  a  rapid  and  extensive  fatty  metamorphosis,  and 
could  thus  be  absorlied  and  completely  disapjiear.  The  curative 
power  of  erysipelas  over  tumours  has  lieen  re[>eatedly  made  use  of 
artificially  for  the  purpose  of  destroying  inopcndjje  new  growths. 
iDOc-nlatioD  of  erysipelas  is  to  1)6  pruijtised  on  any  patient,  it  must 
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borne  in  mind  that  the  course  of  this  disease  cannot  always  be  hel 
under  control,  and  that  there  is  a  possibility  of  a  fatal  termination,  { 
many  cases  testify.  And  although  it  is  certainly  justifiable  to  prodii< 
erysipelas  artificially  for  the  purpose  of  curing  an  inoperable  tumoui 
the  patient  should  always  be  informed  beforehand  of  the  danger  oi 
the  treatment.  P.  Bruns  has  recently  made  a  critical  investigation  oi 
the  curative  effects  of  erysipelas  upon  tumours,  and  succeeded  in  col- 
lecting twenty-two  cases  from  literature.  There  was  a  complete  and 
permanent  cure  in  three  cases  of  sarcoma,  in  two  cicatricial  keloids, 
and  in  a  few  lymphomata.  In  Bruns's  own  case  a  perfect  recoverj 
was  brought  about  from  a  recurrent  melano-sarcoma  of  the  breast 
In  one  case,  observed  by  Janicke  and  Wisser,  in  which  erysipelas  inoc- 
ulation was  practised  for  an  inoperable  carcinoma  of  the  breast,  it 
could  be  demonstrated  with  the  microscope  that  the  erysipelas  coed 
actually  destroyed  the  cancer  cells.  Consequently  it  is  possible  for 
erysipelas  to  cure  a  carcinoma. 

Ferret  observed  the  complete  absorption  within  six  days  of  ihe 
callus  surrounding  an  already  united  fracture  of  the  thigh,  so  that  the 
fragments  again  became  as  freely  movable  as  at  the  time  of  fracture. 
There  is  one  other  curious  fact  ascertained  by  Emmerich,  Pawlowsky, 
and  Di  Mattei  which  should  be  mentioned  in  this  connection.  If  rab- 
bits and  guinea-pigs  are  inoculated  with  erysipelas,  during  the  ensuing 
three  to  ten  days  they  will  be  unsusceptible  to  (immune  from)  anthrax; 
but  after  the  lapse  of  this  period  the  system  is  so  weakened  by  its  con- 
flict with  the  erysipelas  cocci  that  when  the  animal  is  infected  by  anthrai 
for  the  second  time  it  succumbs  more  easily  and  rapidly  than  it  norraallj 
would ;  in  other  words,  after  the  lapse  of  this  period  the  animal  is  nc 
longer  immune  from  anthrax.  Quite  recently  a  germ-free  serum  h« 
been  prepared  from  the  blood  of  sheep  infected  with  erysipelas  eocci 
and  used  as  a  curative  remedy  for  anthrax,  malignant  tumours,  tuber- 
culosis, glanders,  and  syphilis.  It  is  impossible  at  present  to  give  an 
accurate  opinion  regarding  the  value  of  this  serum,  but  the  reports  thai 
have  been  thus  far  made  are  not  very  encouraging. 

EryBipelatous  Inflammations  of  the  Mucous  Membranes. — Inflamma 
tions  analogous  to  cutaneous  erysipelas  occur,  as  has  been  stated,  ii 
the  mucous  membranes  which  adjoin  the  skin,  and  consequently  in  tb 
oral  cavity  and  its  adnexa  (nose,  pharynx,  larynx),  the  female  geniti 
tract,  the  bladder,  and  the  rectum.  Erysipelatous  wandering  pnei 
monia  is  described  in  books  on  internal  medicine. 

Diagnosis  of  Erysipelas.—  The  diagnosis  of  the  ordinary  cutaneous  er 
sipelas  is  very  simple  in  typical  case.^,  and  can  hardly  cause  any  troub 
The  gradually  spreading  local  redness  and  swelling  of  the  skin  and  t 


§n.]  ERYSIPELAS.  355 

iftompanyiiig  fever  are  so  characteristic  that  there  can  scarcely  be  any  con- 
fusion, even  with  the  exanthemata.  Erythema  bears  the  closest  resemblance 
to  erysipelas,  but  in  erythema  there  is  usually  no  fever,  and  the  swelling  and 
piin  are  not  nearly  so  pronounced  as  in  erysipelas. 

FNgnodlb — In  general,  the  prognosis  of  erysipelas  is  not  unfavourable, 
bat  in  no  case  of  this  disease,  no  matter  how  mild  it  may  seem,  can  we  be 
certain  of  a  satisfactory  termination.  There  are  many  circumstances  which 
'  affect  the  prognosis  of  an  erysipelas,  particularly  its  location,  the  constitution 
and  age  of  the  patient,  the  complications  which  may  arise,  the  intensity  and 
deration  of  the  local  disease,  and  of  the  fever,  etc.  The  more  extensive  the 
inflammation  the  higher  the  fever,  and  the  longer  it  lasts  so  much  the  worse 
is  the  prognosis.  The  mortality  given  by  various  authors  differs  very  much, 
the  average  being  about  eleven  per  cent 

Treatment  of  Brytipelag. — A  great  number  of  remedies  have  been 
employed  for  erysipelas,  and  the  fact  that  the  treatment  varies  so  much 
AowB  that  nothing  is  entirely  satisfactory  ;  and  it  is  my  opinion  that,  as 
yet,  we  have  no  very  reliable  and  effective  method  of  treatment.  Since 
the  disease  has  no  typical  duration,  it  is  very  natural  that  mistakes 
Aoald  be  made  in  regard  to  the  curative  power  of  this  or  that  remedy. 

The  best  way  of  preventing  erysipelas  consists  in  treating  every  in- 
termption  of  continuity,  whether  recent  or  old,  large  or  small,  upon 
iDtiseptic  or  aseptic  principles ;  and  whenever  a  dressing  is  changed  it 
ibould  be  done  with  a  careful  observance  of  the  rules  of  antisepsis. 
Erysipelas  is  never  seen  to  start  from  a  wound  that  has  been  made  in 
the  coarse  of  a  strictly  aseptic  operation.  When  the  erysipelas  has 
broken  ont,  the  treatment  should  be  directed  against  the  general  febrile 
dktorbance  and  the  local  disease.  The  treatment  of  the  fever  lias 
been  disenssed  in  §  62. 

The  treatment  of  the  local  disease  consists  in  placing  the  affected 
portion  of  the  body  in  a  suitable  position.  Ice  is  employed  chiefly  in 
wyripelas  of  the  head.  Numerous  remedies  are  used  to  combat  the 
erysipelatous  inflammation.  At  the  outset  of  the  disease  parenchyma- 
tons  injections  of  2  to  3  per  cent,  carbolic  acid  at  the  margin  of  the 
inflammation  are  to  be  recommended.  The  contents  of  three  to  five 
bypodermic  syringes  are  injected  along  the  advancing  edge  of  the  in- 
flamed and  through  the  sound  skin,  and  these  injections  are  repeated 
once  or  twice,  depending  upon  the  acuteness  or  rapidity  of  spread  of 
the  inflammation.  In  the  same  way  subcutaneous  injections  of  bichlo- 
ride, salicylic  acid,  cocaine,  ergotin  (5  to  8  centigrammes  in  alcohol  and 
glycerine  equal  parts)  have  been  employed. 

Estlander  recommends  subcutaneous  injections  of  morphine,  par- 
ticularly when  combined  with  a  daily  painting  of  the  diseased  area 
with  tincture  of  iodine.     Liicke  and  others  have  used  inunctions  of 
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turpentine  with  Hiiccesa ;  it  is  nilibed  into  the  disoased  area  of  skin  two 
to  three  to  Jive  times  a  day  with  &  hriieh  or  piece  of  irottoii.  Strong 
tincture  of  iodine  can  t>e  applied  with  a  brnah  seven  to  eight  times  a 
day ;  nitrate  of  silver  (one  to  four,  or  eight,  or  ten)  is  highly  pmiseil ; 
also  the  application  of  compreeees  wet  in  a  three-  totive-per-cent.  solu- 
tion of  carbolic  acid,  or  in  a  five-  to  ten-|K*r-cent.  solution  of  trichlorphe- 
nol ;  fifty  to  eighty  per  cent,  resorcin  ointment  may  be  spread  over  the 
.  affected  part,  etc.  Another  method  ia  U>  rub  the  inflamed  area  vigor- 
I  onflly  with  absolute  alcohol  and  then  apply  cotton  saturated  with  the 
same.  This  is  done  every  half  hour  during  the  first  twenty -four  hours, 
and  later  every  three  to  four  hours.  Hepj>el  recommends  painting  the 
borders  of  the  erysipelatous  area  with  a  ten-per-cent.  alcoholic  solu- 
tion of  earholie  acid,  covering  a  portion  of  skin  al>out  two  inches  wide 
all  aroimd  the  diseased  spot.  The  following  methods  have  also  l>een 
recommended  for  treating  the  disease  locally:  Covering  the  erysipel- 
atous urea  of  skin  with  auimouium  sulpho-ichthyolicum  mixed  with 
equal  parts  of  lard,  or  with  ichthyol  and  vaseline  (equal  parts),  and 
placing  over  this  ahsorlieut  cotton ;  covering  the  erysipelatous  area 
close  up  to  tl]e  surrounding  healthy  skin  with  an  ointment  of  one  part 
creolin,  four  of  iodoform,  and  ten  of  lanoline  (Koch  and  Mracek),  or 
with  white  lead,  or  with  a  varnisli  of  Unseed  oil,  over  which  some 
water-tight  material  is  applietl,  etc.  Euhnast,  from  his  enperimenta 
in  Kraske'e  clinic,  recommends  multiple  scarifications  and  incisions, 
followed  by  irrigation  with  a  five-per-ccnt.  solnlion  of  carbolic  acid ; 
also  the  application  to  the  erysipelatous  area  of  compresses  wet  with  a 
two-aud-a-half-per-eent.  solution  of  carbolic  acid,  the  compresses  to  he 
changed  once  or  twice  a  day.  Riedel  and  Classen  recommend  scari- 
fication, particularly  at  the  advancing  margins  of  the  erysipelas.  Scari- 
tications  are  exceedingly  effective,  especially  when  made  chiefly  or 
exclusively  in  the  healthy  adjoining  skin.  Madelnng,  W,  Meyer,  and 
others  have  obtained  satisfactory  ]-esults  from  scarification  and  appli- 
cation of  compresses  wet  in  a  three-  to  five-per-cent.  solution  of  car- 
bolic acid  or  in  a  1  to  1.000-3,OUtl  solution  of  bichloride  of  mercury. 
This  latter  method  of  treatment  is  coming  more  and  more  into  favour 
at  present,  Larrey  preferred  to  make  linear  or  punctate  cauterisa- 
tions with  the  red-hot  iron,  aiming  at  retaining  the  erysipelas  within 
the  barriers  made  by  the  eschars.  Wolfler  has  prevented  the  spread 
of  an  erysipelas  by  means  of  the  meoiianical  compression  produced  by 
placing  strips  of  adhesive  plaster  along  its  borders.  For  the  same 
purpose  Niehans  employed  collodion,  applying  the  latter  around  an 
extremity  over  a  space  aliout  two  handbreadths  in  width,  thus  encircling 
the  extremity  with  the  collodion  as  with  a  bandage.     Kroell  recom- 
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mends  strips  of  caoutchouc  for  the  same  purpose.     Winiwarter  and 

Fraipont  speak  well  of  the  following  method  of  treatment :  The  part 

affected  by  the  erysipelas  and  the  wound  are  soaked  for  ten  minutes 

in  a  bath  of  1  to  3,000  bichloride,  or  the  latter  is  used  in  the  form  of 

an  irrigation  for  a  longer  period  of  time ;  the  erysipelatous  area  is  then 

dried,  and  it  and  the  adjoining  healthy  skin  are  covered  with  tar,  over 

which  is  applied  a  dressing  wet  with  Burow's  solution  (see  page  162) ; 

then  iodoform  gauze  which  has  been  dipped  in  a  bichloride  solution 

is  placed  on  the  wound,  arid  the  whole  dressing  is  bandaged  lightly  in 

position. 

It  has  been  attempted  to  combat  the  erysipelatous  inflammation  by 
the  internal  administration  of  drugs.  English  surgeons,  in  particular, 
pveiron  internally  (liq.  ferri  chlorat.,  in  large  doses,  fifteen  to  twenty 
drops  every  hour,  or  even  2.0  grammes  or  more) ;  others  use  liq.  ferri 
Besqnichlorati.,  ten  to  fifteen  drops  every  two  to  three  hours  ;  ergotine, 
iodide  of  potassium,  and  belladonna  have  been  used  for  the  same  pur- 
pose. Haberkom  has  recently  employed  with  success  benzoate  of 
Bodium  in  mucilaginous  solutions,  or  in  some  effervescing  water,  in 
doses  of  fifteen  to  twenty  grammes  a  day;  no  local  treatment  is 
njade  use  of.  The  effectiveness  of  all  internal  medication  is  exceed- 
ingly doubtful.  Camphor  (internally  or  in  the  form  of  subcutaneous 
injections)  has  but  little  value,  though  it  was  highly  recommended  by 
Krogofl[. 

The  treatment  of  the  complications,  particularly  the  abscesses,  gan- 
grenous processes,  and  the  inflammations  of  joints,  should  be  con- 
dncted  on  the  principles  laid  down  for  these  conditions.  At  the  time 
of  the  outbreak  of  the  erysipelas,  or  when  the  case  is  met  with  in  a 
later  stage,  the  wound  from  which  the  disease  starts  should  be  care- 
fnUy  examined  and  treated  antiseptically,  and  if  any  blood  or  pus 
is  held  in  retention  it  should  be  let  out  by  removing  a  few  sutures, 
by  separating  the  agglutinated  margins  of  the  wound,  by  making  in- 
cisions, etc. 

If  it  is  desired  to  inoculate  an  erysipelas  for  therapeutic  purposes 
npon  an  inoperable  tumour  or  diseases  of  the  skin,  it  should  always 
be  borne  in  mind  that  infection  by  the  streptococcus  of  erysipelas  may 
cause  the  death  of  the  patient. 

Zoonotic  Erynpelas^Waiidering  Erythema  (Erythema  migrans).— The 

so-called  erysipeloid  or  wandering  erythema  occui"s  almost  exclusively  on 

the  hands,  and  attacks  most  commonly  individuals  who  handle  all  sorts  of 

dead  animal  substances,  dealers  in  game  or  fish,  cooks,  restaurant  keepers, 

butchers,  tanners,  oyster  openers,  and  those  who  come  mucli  in  contact  with 

cheese,  herring,  etc.     Erysipeloid  is  a  disease  of  wounds  which  is  not  very 
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infectious  in  character,  and  afPects  the  hands  almost  exclusively,  some  h 
fectious  substance  being  inoculated  into  small  wounds.  After  inoculatio 
there  ensues  a  moderate  infiltration  of  the  skin,  giving  the  latter  a  dark-r^ 
discolouration ;  there  is  no  fever,  and  the  disease  spreads  yery  slowly,  wit 
an  itching,  prickling  sensation,  and  it  may  take  eight  days  to  extend,  for  in 
stance,  from  the  finger  tip  to  the  metacarpus.  The  reddening  of  the  sidn 
more  often  occurs  in  spots ;  less  frequently  it  is  of  a  diffuse  character.  It  is 
only  very  exceptionally  that  the  erysipeloid  extends  as  far  as  the  wrist,  aod 
it  never  reaches  the  forearm.  The  disease  is  often  very  stubborn  and  pe^ 
sistent,  lasting  sometimes  three  to  four  to  six  weeks  unless  proper  treatment 
is  adopted ;  but  in  other  cases  it  may  disappear  spontaneously  in  one  to  two 
to  three  weeks.  Rosenbach  found  that  a  coccus-like  body  was  the  cause  of 
the  erysipeloid ;  it  is  larger  than  the  staphylococcus,  grows  best  in  gelatine 
at  a  temperature  of  20^  C,  forms  twisted  filaments  of  varying  length,  and 
bears  a  remarkable  resemblance  to  a  form  of  microbe  described  by  Cohn 
under  the  name  of  cladothrix  dichotoma.  Rosenbach  and  Cordua  have  pro- 
duced this  erysipeloid  by  inoculations  practised  on  themselves. 

The  best  method  of  treating  the  zoonotic  erysipeloid  consists  in  cutaneous 
injections  of  a  three-per-cent  solution  of  carbolic  acid  into  the  inflamed  area 
of  skin,  and  into  the  healthy  skin  immediately  adjoining  its  outer  borders. 

§  72.  Hospital  Gangrene — Wound  Diphtheria. — Hospital  gangrene 
{Gangrmmi  7i080C07?iialis)j  or  wound  diphtheria,  used  to  be,  in  the  pre- 
antiseptic  era,  a  very  common  disease,  particularly  in  hospitals  with 
bad  hygienic  arrangements,  and  in  military  practice,  but  if  antiseptic 
treatment  is  used  it  never  occurs.  Hospital  gangrene  is  a  local  wooimI 
disease,  always  bacterial  in  its  origin,  and  consists  essentially  of  ft 
gangrenous  destruction  of  the  granulations  and  adjoining  tissues. 

Etiology  of  Hospital  Gangrene. — The  micro-organism  of  hospital 
gangrene  has  not  as  yet  been  discovered.  Kosenbaeh,  in  his  last  mono- 
graph on  hospital  gangrene,  could  give  no  information  upon  the  ex- 
citing cause  of  the  disease.  The  identity  of  hospital  gangrene 
diphtheria  is  still  an  open  question,  and  many  arguments  ^^/y; 
con  have  been  advanced  by  different  authors.  W.  Roser  and  Ko- 
senbaeh have  been  the  most  outspoken  against  the  identity  of  the 
two  diseases.  Brunner  understands  by  wound  diphtheria  that  kind 
of  infection  of  wounds  which  is  caused  by  the  Loffler  bacillnf, 
the  excitant  of  ordinary  diphtheria.  This  sometimes  occurs  in  the 
tracheutomv  wound  in  diphtheritic  stenosis  of  the  larvnx.  and  also 
occurs  as  an  inde])endent  infection  on  different  parts  of  the  l>odv  with- 
out diphtheria  of  the  fauces.  Such  wounds  have  an  ulcerative  char 
acter,  and  besides  the  Loffler  bacillus  there  are  usuallv  pus  coc( 
present  (staphylococcus  and  streptococcus).  Wound  diphtheria  dw 
not,  however,  correspond  with  true  hospital  gangrene  in  its  seve 
forms.     The  latter  are  practically  never  observed  since  the  period 
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antifieptic  surgery,  and  hence  it  can  be  understood  why  the  specific 
cme  of  true  hospital  gangrene  is  unknown  to  us.  Hospital  gangrene 
18  probably  a  marked  putrefaction  of  the  wound  caused  by  a  number 
of  micro-organisms.  The  pathological  changes  in  hospital  gangrene, 
lite  those  in  diphtheria  of  the  pharynx,  consist  in  an  infarct  of  the  in- 
fected wound,  or  in  a  coagulation  necrosis,  as  it  is  called  by  Cohnheim 
and  Weigert,  in  which  are  present  great  numbers  of  micrococci  and 
bacteria  of  decomposition. 

Clinical  Cause  of  Hoipital  Gkmgrene. — Clinically  the  disease  occurs  in 
one  of  three  forms :  1,  The  superficial  croupous  and  diphtheritic ;  2,  the 
ulcerative  diphtheritic,  and,  3,  the  pulpy,  the  latter  being  the  most  ma- 
lignant form.  These  diflferent  forms  of  the  disease  may  run  into  each 
other,  and  clinically  cannot  always  be  sharply  distinguished.  The 
croupous  or  diphtheritic  form  of  hospital  gangrene  is  characterised  by 
the  development  of  hsemorrhagic  foci  accompanied  by  swelling,  the  foci 
subsequently  breaking  down  and  forming  a  foul,  suppurating,  jelly-like 
mass.  By  immediate  treatment  of  the  diphtheritic  area  with  a  concen- 
trated chloride-of-zinc  solution,  or  with  the  Paquelin  thermo-cautery, 
the  spread  of  this  lowest  grade  of  hospital  gangrene  can  generally 
be  arrested.  The  ulcerative  form  of  the  disease  also  begins  with  the 
development  of  haemorrhagic  spots  having  a  grey  or  greyish -yellow 
colour,  and  at  the  outset  is  of  limited  extent ;  but  in  a  relatively  short 
space  of  time  it  spreads  over  the  granulating  surface  and  changes  the 
latter  into  a  grey  or  greyish-yellow  mass,  which  subsequently  breaks 
down  into  a  gangrenous  pulp.  This  gangrenous  destruction  of  tissue 
inay  steadily  advance  inwards,  and  superficially  may  involve  the  skin 
adjoining  the  granulating  surface  by  a  spreading  of  the  ulcerative  pro- 
cess. The  ulcerative  form  of  hospital  gangrene  may  change  into  the 
pulpy  or  most  dangerous  kind  of  wound  diphtheria.  In  the  pulpy 
form,  according  to  Konig,  there  occurs,  as  a  general  rule,  a  rapid  swell- 
iiig  of  the  tissues  in  consequence  of  the  extensive  haemorrhages  into 
4e  granulations,  followed  by  putrefaction  of  the  entire  mass  and 
the  evolution  of  gases  of  decomposition.  The  borders  of  the  wound 
are  red  and  very  painful.  The  swollen,  grey,  or  greyish-red  wound 
looks,  as  Konig  says,  like  a  soft,  decomposing  spleen  or  mass  of  brain 
tissue. 

The  course  of  hospital  gangrene  depends,  in  general,  upon  whether 

the  gangrene  of  the  wound  remains  superficial  or  extends  into  the  more 

deeply  lying  parts.     Every  form  of  hospital  gangrene  may  destroy  the 

skm  and  spread  into  the  subjacent  tissues,  particularly  if  it  is  of  the 

pnlpy  variety.     The  gangrenous  changes   advance  very  rapidly,  and 

within  twenty -four  hours  cause  the  wound  to  become  double  its  origi- 
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nal  size,  or  even  larger,  but  in  other  cases  the  changes  take  a  muc^ 
longer  time. 

The  general  symptoms  correspond  to  the  severity  of  the  local  di?. 
ease.     The  fever  may  be  continuous  or  remittent,  with  intercurrent 
chills.     Very  frequently  the  local  disease  begins  with  a  rigour  and  a 
fever  of  40*^  to  41°  C.  (104°  to  105.8°  F.). 

Prognosis  of  Hospital  Gangrene. — The  prognosis  of  hospital  gangrene 
depends  upon  the  form  of  the  gangrene  and  the  nature  of  the  treat- 
ment. The  pulpy  form  of  hospital  gangrene  has  the  most  unfavour- 
able prognosis  of  all.  The  strength  of  the  patient  and  the  conditions 
under  wliich  he  has  lived  must  be  taken  into  account.  The  milder 
forms  of  hospital  gangrene  will  often  get  well  spontaneously,  while  the 
more  severe  forms  will  frequently  cause  death  by  general  septic  poi- 
soning, unless  the  spread  of  the  gangrenous  process  is  combated  suffi- 
ciently early  and  energetically  by  proper  treatment.  Recurrences  of 
the  disease  take  place  not  infrequently. 

Treatment  of  Hospital  Gangrene. — The  treatment  of  hospital  gan- 
grene consists  in  the  energetic  use  of  the  Paquelin  thermo-cautery  and 
of  caustics,  particularly  nitric  acid  or  chloride  of  zinc,  to  check  the 
spread  of  the  gangrene.  Deeply  placed  gangrenous  foci  must  be  laid 
open  with  the  knife,  to  permit  the  pus  to  escape  and  to  enable  the  sup- 
purating region  to  be  energetically  disinfected  with  a  1  to  1,000  solu- 
tion of  bichloride  of  mercury.  Iodoform  or  naphthaline  are  excellent 
substances  to  apply  in  the  dressings ;  or,  if  the  gangrene  is  very  exten- 
sive, antiseptic  irrigation  may  be  practised,  as  described  on  pages  ISl 
and  182.  If  it  becomes  necessary  to  amputate  a  gangrenous  limb,  the 
operation  should  be  performed  with  the  strictest  antiseptic  precautions, 
after  first  energetically  disinfecting  the  gangrenous  focus,  or  burning 
it  with  the  Paquelin  thermo-cautery  and  covering  it  with  an  antiseptic 
dressing  wet  with  bichloride. 

Every  patient  with  wound  diphtheria  should  be  isolated  with  the 
greatest  possible  care,  as  a  protective  measure  for  the  other  patients. 
Hospital  gangrene,  as  has  been  said,  does  not  occur  at  present  with 
the  antiseptic  method  of  treating  wounds ;  but  in  the  time  of  war, 
where  the  rules  of  antisepsis  cannot  always  be  strictly  observed,  hos- 
pital gangrene  is  likely  to  make  its  appearance. 

§  73.  Traumatic  Tetanus. — Tetanus  is  an  infectious-wound  disease 
characterised  by  eranip-like  contractions  of  the  muscles  of  the  lower  jaw 
alone  (trismus),  or  by  contractions  of  certain  other  groups  of  muscles, 
or  of  the  muscles  of  the  whole  body  (tetanus).  The  tetanic  contractioM 
often  begin  in  the  muscles  in  the  vicinity  of  the  injury  where  the  poisoi 
was  inoculated,  and  later  tetanic  spasms  of  the  other  muscles  follow. 
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Etiology  of  TetaaDB, — The  etiology  of  tetaniie  has  been  recently  ad- 
vaiit^ed  by  Nicolaier,  Brieger,  and  particularly  Kitaeato.  There  ueed 
to  be  a  great  many  theories  concerning  llie  nature  and  etiology  of 
tetaiiue,  but  they  did  not  account  satisfactorily  for  its  occurrence  in  tlie 
injured,  and  they  are  to  lie  looked  upon  at  present  as  untenalile.  The 
recent  investigations  of  Nicolaier,  Briegei-,  and  Kilasato  have  proved 
beyond  a  doubt  that  tetanns  is  prod  need  by  a  specific  hacillna  dis- 
covered by  Nicolaier,  and  first  obtaiued  in  pure  cultures  by  Kitaeato 
(Fig.  3IJ9). 

The  injuriee  which  may  be  followed  by  tetanus  are  of  every  de- 
scription. Sometimes  they  are  severe,  and  involve  both  soft  parts  and 
bones,  such  as  compound  fractures,  and 
sometimes  less  severe,  such  as  burns, 
frost-bites,  or  insignificant  wounds  of 
the  skin  or  a  granulating  surface,  or  per- 
haps only  a  small  punctured  wuund,  etc. 
Tetanus  has  been  known  to  come  from 
a  blister  and  the  sting  of  a  bee.  "We  can 
easily  understand,  from  the  analogous 
origin  of  other  infectious-wound  dis- 
eases, particularly  anthrax,  how  tetanus 
may  follow  the  very  slightest  interrup- 
tion of  continuity  in  the  skin.  The  dis- 
ease ifl  particularly  apt  to  occur  as  a  re- 
sult of  injuries  to  the  hands  or  feet,  in 

wliich  are  lodged  foreign  bodies,  such  as  bits  of  earth  or  splinters  of 
wood.  Animals,  such  as  horses,  may  often  be  the  means  of  transmit- 
ting the  tetanus  Itacitlus  to  man.  Occasionally  the  disease  appears  to 
break  out  after  the  lapse  of  a  certain  period  of  incubation,  and  conse- 
quently it  is  possible  for  tetanus  to  occur  after  the  wound  has  entirely 
healed.  The  disease  may  become  endemic  under  certain  conditions — 
for  instance,  in  hospitals  where  the  rules  of  antisepsis  and  asepsis  are 
not  strictly  oiiservetl. 

Experimental  Inoculation  of  Tetantu.— Carle.  Raltone.  Rosenbach,  und  a 
iiiiinlH-rof  ollicrs  liiivi'  jiux-ulrilt'd  animals— e.g.,  (fiiin<?«-pigH — willi  [eUtnuB 
from  human  siibjecU  und  tlien  inoculnled  other  animals  from  the  drtt  ones. 
NiuotaifF  performed  some  very  iiiterestiiifr  experiment  in  Pliigge's  labora- 
tory. While  carefully  studying  lb"  micro-oritanisma  in  surface  soil,  he  was 
BUTpriaed  to  find  that  a  disease  similar  to  human  tetanus  was  produced  in  a 
considerable  number  of  cases  (sixty-nine  times  in  one  hundred  and  forty 
experimental  inoculations)  by  inoculating  animals  wilh  earth  taken  from 
widely  separated  sources  (Berlin,  Wiesbfuien.  Leipsie.  uiid  Gottingen).  The 
inoculations  with  the  eartli  were  pmctised  at  the  rout  of  the  tail  in  white 
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and  yellow  mice,  and  beneath  the  skin  in  rabbits  and  guinea-pigs.    In  mic^ 
after  the  lapse  of  one  and  a  half  to  two  and  a  half  days,  or  four  to  five  dayi 
in  rabbits,  cramps  occurred  in  the  muscles  in  the  neighbourhood  of  the 
region  inoculated,  and  later  the  tetanus  extended  to  the  muscles  of  the  otiier 
extremities  and  to  those  of  the  back  and  the  nape  of  the  neck.    In  rabbi^ 
the  muscles  of  the  jaw  became  rigid  in  a  state  of  tonic  spasm,  and  deatb 
occurred  after  the  lapse  of  one  and  a  half  to  two  days.    Mice  died  twelve  to 
twenty  hours  after  the  first  symptoms  of  poisoning  made  their  appearanoei 
Dogs  did  not  react  at  all  when  inoculated. 

The  post-mortem  examination  revealed,  as  in  man,  very  little  which  wai 
distinctive.  Microscopically,  in  the  slight  amount  of  pus  at  the  point  of  in* 
oculation,  micrococci  were  found,  and  particularly  a  peculiar  bristle-shaped 
rod  carrying  spores.  Nicolaier  was  not  able  to  obtain  pure  cultures  of  this 
bacillus;  he  could  not  separate  them  from  other  bacilli,  and  consequent! j H 
was  believed  that  tetanus  was  caused  by  a  kind  of  symbiosis  of  different  bic- 
teria.  When  the  earth  was  heated  for  an  hour  the  inoculations  were  unaie- 
cessful.  Attempts  at  producing  infection  by  pus  taken  from  animals  at  the 
point  where  they  were  inoculated  succeeded  in  sixty-four  out  of  eighty-eight 
experiments,  the  disease  running  a  tnore  rapid  course  than  when  earth  w 
employed.  Inoculations  with  pieces  of  the  infected  tissues  succeeded  only 
fourteen  times  in  fifty-two  cases. 

Socin  has  also  excited  true  tetanus  by  making  inoculations  with  garden 
earth.  I  saw  one  fatal  case  of  tetanus  following  a  compound  fracture  which 
had  become  befouled  with  earth.  The  patient  came  under  my  care  aft«f 
well-marked  tetanus  had  developed. 

Description  of  the  Tetanus  Bacillus.— Kitasato  was  the  first  to  isoUte 
Nicolaier's  tetanus  bacillus  from  the  otlier  bacteria  found  accompanying  it; 
he  cultivated  it  and  excited  tetanus  in  animals  by  inoculating  them  with  the 
pure  culture,  and  thus  established  the  correctness  of  the  suppositions  which 
had  existed  about  the  disease.  Kitasato  placed  in  the  necessary  culture 
medium  a  small  piece  of  tissue  taken  from  the  immediate  neighbourhood  of 
a  suppurating  wound  in  a  man  who  had  died  of  tetanus.  The  culture  when 
placed  in  the  incubator  revealed  a  luxuriant  growth  of  bacteria;  but  the 
kind  which  carried  spores  at  one  extremity  developed  the  most  rapidlji 
while  the  others  only  began  to  grow  after  the  lapse  of  a  certain  length  of 
time.  Before  these  latter  could  develop  Kitasato  heated  the  mixed  culture 
to  a  temperature  of  80°  C.  and  destroyed  all  the  bacilli  which  had  not  taken 
on  their  permanent  form,  leaving  only  those  which  were  capable  of  forming 
spores.  From  these  he  made  a  pure  culture,  which,  when  inoculated  upott 
animals,  established  the  fact  that  the  bacillus  containing  spores  in  one  of 
its  extremities,  and  first  discovered  by  Nicolaier,  was  actually  the  twe 
bacillus  of  tetanus. 

Pathogenesis  of  Tetanus.— The  tetanus  bacillus  (Fig.  309)  is  often  present 
in  the  surface  layer  of  ordinary  earth,  in  decaying  masonry,  decomposing 
fluids,  manure,  or  splinters  of  w(K)d  found  in  wounds,  and  in  the  pus  from 
wounds  on  persons  who  have  died  of  tetanus.  It  is  a  slender  rod  with  distinct 
motility,  and  forms  spores  in  artificial  cultures  at  a  high  temperature.  Thesi 
spores  are  found  at  one  end  of  the  bacillus,  and  give  it  the  familiar  drum 
stick  shape.    The  bacilli  collect  usually  in  irregular  groups,  and  sometime 
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long  filiunents,  upon  whicli  l)ie  divisioDs  between  the  segments  are 
distinguishable.  The  bacillus  grows  very  slowly,  best  at  a  t«m- 
f  36°  to  3»°  C,  while  below  16°  C.  uo  development  takes  place.  It  is 
oaerobic — i.  e.,  it  grows  only  when  atmospheric  air 

In  the  presence  of  oxygen  the  bacillus  quickly 
aa  atmosphere  of  pure  hydrogen,  small  ray-like 
evelop  slowly  upon  gelatine  plates  after  the  lapse 
ays ;  they  liquefy  tlie  nutritive  medium  with  the 
of  gas.  and  present  an  appearance  similar  to  the 
US  (a  rather  ttiick,  solid  centre,  with  radiating  flla- 
ttab  cultures  in  a  test  tube  containing  a  consider- 
nt  of  grape-sugar  gelatine,  or  in  gelatine  to  which 
added  0.1  per  cent  of  indigo-sulphate  of  sodium, 
Iture  at  the  bottom  of  the  tube  having  the  appear- 
:raled  in  Fig.  310.  At  the  end  of  the  first  week  it 
ething  like  a  &r-tree — i.  e.,  numerous  fine  processes 
twards  from  the  line  of  puncture,  simulating  the 
liguraiM.  Subsequently  the  gelatine  surrounding 
'  is  liquefied,  and  there  is  an  evolution  of  gas.  In 
'  containing  agar,  to  which  has  been  added  one  to 
enL  of  grape  sugar  or  indigo-sulphate  of  sodium, 
h  at  the  proper  incubation  temperature  is  more 

luxuriant,  and  after  the  first  or  second  twenty- 
I  the  culture  causes  an  evolution  of  gas  which  has 
eristic  unpleasant  odour.  In  grape-sugar  bouillon  f^g  j]u  _  -Tcu- 
h  of  the  culture  is  exceedingly  vigorous,  and  is  ac-  nLucultura.  6Mb 
1  by  the  formation  of  a  large  amount  of  gas.  In  tiiii'""-!^  fndi^ 
ni,  at  a  temperature  of  34°  to  38°  C,  after  the  lapse      tro  -  "ulphate  of 

three  days  small  round  cavities  develop,  which     daje'oij. 
coalesce. 

formation,  at  a  temperature  of  37°  C  takes  place  in  twenty  hours, 
B  at  one  end  of  the  bacillus,  this  portion  of  the  cell  swelling,  and 
the  appearance  of  a  drum-stick  (Fig.  SDH).  The  spores  have  great 
nd  will  remain  alive  when  exposed  in  a  moist  state  to  a  l«mpera- 
°  C.  for  one  hour,  but  arc  destroyed  in  five  minutes  when  exposed 
it  a  temperature  of  100°  C.     Dried  pus  containing  spores  retains  its 

after  the  expiration  of  sixteen  months.  Tlie  tetanus  ImciUus  is 
uned  by  the  ordinary  aniline  dyes.     Gram's  method  can  also  l>e 

nail  amount  of  a  pure  culture  is  inoculated  upon  mice.  rats,  gninea- 
bbits.  the  first  kind  will  manifest  the  first  symptoms  of  the  disease  in 
twenty-four  hours,  the  last  in  two  to  Uiree  days.  If  horses,  slieep, 
e  inoculated  with  the  pure  culture  they  will  develop  typical  tetunua 
fesUtions  of  the  disease  are  at  first  local,  and  confined  to  the  parts 
;Iy  adjoining  the  point  of  infection,  from  which  they  gradually 
d  the  animal  then  dies  in  a  short  time.  At  the  point  of  infection 
ifiltration  of  the  tissues  and  hypenumia,  but  no  suppuration,  and 
1  it  may  be  possible  to  demonstrate  the  presence  of  the  bacilli :  but 
never  found  in  the  different  organs  or  in  the  blood.    The  most 
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typical  picture  of  tetanus,  usually  with  rapidly  fatal  outcome,  is  obtained  bj 
injecting  subcutaueously  the  germ-free  filtrate  of  bouillon  cultures  of  the 
tetanus  bacilli.    Thd  period  of  incubation  is  longer  and  death  takes  place 
later  when  material  containing  the  bacillus  is  inoculated.    Tetanus  badlli 
produce  their  harmful  action  not  by  multiplication  of  the  bacilli  within  the 
body  but  by  the  formation  of  very  poisonous  products  of  metabolism.    Tlie 
toxiiies  produced  by  the  bacilli  have  an  action  similar  to  strychnine.    Manj 
authorities  have  attempted  to  isolate  the  tetanus  toxine.    Weyl,  Kitasato,aQd 
Brieger  obtained  a  highly  poisonous  substance  closely  allied  to  the  albumi- 
noid bodies  (tetanotoxalbumen),  which  gives  rise  to  tetanus  in  animals  after 
a  certain  period  of  incubation,  but  in  not  so  typical  a  form  as  after  infectioo 
with  the  tetanus  bacilli  or  injection  of  sterilised  cultures. 

According  to  Courraont  and  Doyon,  the  tetanus  bacilli  form  at  first  i 
soluble  non-poisonous  ferment  by  which  the  real  tetanus  poison  is  produced 
at  the  expense  of  the  organism.  Several  poisonous  bodies  are  perha|* 
formed  during  the  incubation  period.  Brieger  obtained  some  time  ago  four 
toxines  in  a  pure  state,  viz.,  tetanine  CitHtoNt04,  tetanotoxine  CtHnN,  spM- 
motoxine,  and  a  toxine  hydrochlorate.  Very  small  amounts  of  these  toxiiM 
produced  in  animals  tetanic  symptoms,  but  not  typical  tetanus. 

The  Tetanus  Poison.— The  tetanus  poison  is  found  in  the  serum  of  tin 
blood,  and  after  passing  through  the  blood  is  excreted  by  the  kidneys,  caus- 
ing the  latter  to  become  toxic.     Bruschetini  caused  tetanus  by  subcutaneous 
injections  of  the  urine  of  animals  infected  with  tetanus.     Buschke  and 
Oergel  found  drops  of  fat  almost  constantly  in  the  blood  of  the  animals  ex- 
perimented with.    The  liver,  spleen,  and  muscles  also  contain  a  very  poiswi- 
ous  toxalbumen  that  kills  small  animals  immediately.    The  toxines  that  are 
formed  by  the  tetanus  bacillus  at  the  point  of  entrance  are  taken  up  partly   ' 
by  the  lymph  channels  and  remain  for  a  certain  length  of  time  in  Uie  re* 
gionary  lymph  glands  (Biidinger)  ;  others  act  directly  from  their  place  of 
formation  upon  the  peripheral  nerves,  and  are  probably  transmitted  in  the 
latter  directly  to  the  spinal  cord.     This  explains  the  development  of  the  local 
tetanus  at  the  place  of  inoculation,  and  then  later  the  general  tetanus.   The 
investigations  of  Brunner  and  others  have  given  us  more  exact  details  of  the 
mode  of  action  of  the  tetanus  poison  upon  the  nervous  system.     It  isclaiined 
that  the  ix)ison  enters  into  chemical  composition  with  the  nerve  substance  of 
the  central  nervous  system,  or   is   neutralized  by  the  protective  materiali 
formed  here  (anti toxines),  so  that  finally  it  can  no  longer  be  demonstrated 
here  in  animals  that  have  died  of  tetanus,  while  in  the  other  organs  larg* 
quantities  of  poison  can  be  found.     The  tetanus  poison  acts  like  strychnint 
in  causing  increased  excitability  of  the  spinal  cordi — i.  e.,  the  motor  cells  in  the 
anterior  horns — but  in  order  to  produce  muscular  spasms  there  must  also  be  a 
sensory  stimulus.     The  excitability  of  the  sensory  nerves  has  been  found  hf 
some  to  be  markedly  increased,  while  that  of  the  motor  nerves  remains  un- 
changed.    The  slightest  peripheral  stimulus  becomes  augmented  in  the  sen- 
sory tracts  so  that  it  causes  a  contracture.     The  action  of  the  poison  is  ac- 
cordingly partly  a  peripheral  and  partly  a  central  one  (Brunner).    Somam 
fed  herbivora  and  carnivora  with  pure  cultures  of  tetanus  bacilli  and  the 
moat  from  animals  that  hiul  died  of  tetanus,  and  found  that  all  the  animall 
remained  healthy.     The  faeces  of  the  animals,  particularly  the  herbivon, 
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conlained  an  active  tetanus  poisoti  wliicli,  as  already  known,  can  bespread  bj 
the  fa-ct's  and  manure  of  horses,  for  example. 

Tetanus  Immunity  in  Animals, —Great  intprpsl  attaches  to  the  ex]ieri- 
□leutii  of  Behriiij^  and  Kitasutu  relating'  to  the  proddclion  in  animals  of  iin- 
muuity  from  tetanus.  These  authors  succeeded  in  curing  infected  animals, 
and  in  so  treating  healtlij  ones  that  they  were  never  afterwanls  tUfected 
by  the  tetanus  bacillus.  The  blood  and  serum  of  rabbits  which  have  been 
rendered  immune  from  tetanus  possess  the  power  of  destroying  the  tetanus 
poison.  They  are  both  prophylactic  and  curative.  By  transfusion  of  blood 
or  serum  remarkable  therapeutic  elfecLs  can  be  obtained :  that  is.  infected 
animals  can  be  cured,  and  healthy  ones — mice,  for  example — can  be  rendered 
permanently  immune.  The  artiHcially  acquired  immunity  is  transmitted 
from  the  unimal  to  the  fcElus  in  utero,  and  persists  in  the  young  for  some 
time  after  birth,  Tiazoni  and  Catlani  have  made  white  mice  immune  by  the 
serum  of  the  blood  taken  from  frogs  and  pigeons  which  are  unauscepttble  to 
tetanus;  but  Kitasato,  experimenting  with  the  blood  of  chickens,  has  con- 
tested their  assertions.  Kitasato  has  rendered  rabbits  immune  front  tetanus 
by  injections  of  iodoform.  Tiawjui  and  Cuttani  state  that  rabbits  from  which 
the  spleen  has  been  removed  cannot  be  made  immune.  Behring,  Frank, 
Tizzoni,  and  others  pi-ejMired  a  serum  containing  the  antitoxine  from  animals 
made  artificially  immune  and  used  il  on  human  subjects.  This  serum  acta 
chiefly  upon  the  toicines  of  the  tetanus  bacillus,  diminishing  their  jioison- 
ous  action.  The  antitetauic  serum  has  beitu  employed  in  a  lai^  number  of 
cas€^  of  tetanus,  but  it  is  not  yet  possible  to  give  a  final  opinion  regarding  its 
therapeutic  value.  Some  authorities,  including  Roux.  Vaillard,  and  Doyon 
doubt  the  possibility  of  curing  by  antitoxine  a  case  of  tetanus  tliat  has  once 
developed,  but  they  admit  that  the  outbreak  of  the  disease  can  be  prevented 
by  prophylactic  inoeulutinii. 

Disinfection  of  Objects  Infected  with  the  Tetanus  Poison.— The  disinfec- 
tion of  all  objects  infected  with  the  tetanus  poison  is  best  carried  out  by  sub- 
jecting them  to  the  action  of  steam  at  a  temperature  of  100°  C.  to  130'  C.  (218° 
to  866"  F.),  or  by  boiling  them  in  a  oneper-cent.  aqueous  solution  of  soda. 
For  the  disinfection  of  hospital  wards,  rooms,  etc.,  Bombicci  recommends 
nascent  chlorine,  while  a  ten-per-cent.  solution  of  chloride  of  lime  can  be 
used  for  stone  walls,  or.  better,  a  mixture  of  ten  parts  of  chloride  of  lime, 
twenty-five  parts  of  quicklime,  and  one  hundred  parts  of  water.  Fluid  coal 
tar  is  excellent  for  wooden  walls.  Tizioni  ajid  Cattani  recommend  a  mix- 
ture of  <me  i>er  cent,  bichloride  of  mercurj-.  live  per  cent  carbolic  acid,  and 
five  tenths  per  cent,  hydrochloric  acid  for  disinfecting  the  hands  of  the 
8iirgi*on. 

Tetanj.— Tetany  is  a  condition  characterised  by  a  peculiar  irritability  of 
the  anterior  horns  of  the  spinal  cord,  causing  tonic  contractions,  particularly 
of  the  liands  and  feet.  It  is  sometimes  acute,  sometimes  subacute, 
fhmnic.  and  may  he  of  a  benign  nature  or  absolutely  fatal, 
vestigations  have  increased  our  knowledge  of  the  clinical  forms,  but  the 
etiology  is  still  not  fully  known.  Pfeitfer  distinguishes  the  following  va- 
n«<tiea:  1,  the  epidemic  or  endemic  (Jaksch's  acute  recurrent  form);  2, 
the  letiiny  of  pr^nant  and  nursing  women;  ;j,  the  tetan; 
iDoval   of  the  thyroid  glaud ;  i,  tlie  tetany  from  poisoning  by  ergotine, 


:  re-  i 

tme,  J 


366  INFLAMMATION  AND  INJURIES. 

chloroform,  etc.  (toxic  tetany) ;  5,  the  tetany   after  infectious  diseases;  ff 
the  tetany  resulting  from  grastro-intestinal  affections ;  7,  the  tetany  in  con- 
stitutional diseases.     The  variety  which  is  of  chief  interest  to  the  surgeon  « 
that  following  removal  of  the  thyroid  gland  (for  particulars  see  Regional 
Surgery — Goitre).    Whether  certain  micro-organisms  can  be  looked  upon  a 
the  cause  of  tetany,  particularly  the  epidemic  form,  is  still  a  question. 

The  Clinical  Course  of  Tetanus. — The  symptoms  of  tetanus  appear 
after  a  variable  period  of  incubation.     According  to  Rose,  to  whom 
we  are  indebted  for  an  excellent  monograph  on  tetanus,  the  disease  ap- 
pears in  half  the  cases  in  the  second  week  after  the  injury,  in  one  third  of 
the  cases  in  the  first  week,  in  one  fifth  of  the  cases  in  the  third  to   j 
fourth  week,  etc.     The  first  symptom  is  usually  a  peculiar  stiffness  and    , 
spasmodic  contraction  of  the  muscles  in  the  vicinity  of  the  injury.    Two 
to  four  days  later  it  is  noticed  that  the  patient  cannot  open  the  moath   , 
properly,  and  he  complains  of  pain  in  the   muscles   of   mastication.    ' 
At  the  same  time  there   is  usually   a  high  fever,  though  in  the  lea   i 
acute  cases  the  fever  may  be  absent.     As  a  result  of  the  cramp-like  ^ 
contraction  of  the  facial  muscles,  the  countenance  assumes  a  peculiar   ! 
rigidity.     Tliere  soon  follows  a  certain  amount  of  stiffness  of  the  neck,   ! 
with  tetanic  spasms  lasting  a  few  or  several  minutes,  and  affecting  at 
one  time  the  trunk  and  at  another  the  extremities ;  they  are  very  pain- 
ful, and  are  excited  by  the  slightest  external  irritation — for  example, 
by  touching  the  patient,  by  a  draught  of  air,  a  noise,  etc.     Many  of 
the  muscles  become  firmly  and  permanently  contracted.     The  tetanic 
contractions  are  caused  by  the  action  of  tlie  tetanus  poison  both  upon 
the  central  nervous  system  and  the  peripheral  nerves.     This  is  prob- 
ably a   reflex  action   due  to   stimulation  of  the   sensory   nerves  (sec 
page  306).     The  fever  in  tetanus  is  usually  high,  the  rise  in  tempera- 
ture not  infrequently  reaching  41°  to  42°  C.  (105.8*"  to  lOT.e**  F.),or 
even  43°  to  44°  C.  (109.4°  to  111.2°  F.),  while  after  death  there  is 
sometimes  a  further  rise  to  about  45°  C.  (113°  F.).     This  excesave 
increase  in  body  heat  is  essentially  the  result  of  muscular  contraction, 
as  was  also  proved  by  Leyden's  experiment,  in  which,  within  two 
hours,  the  temperature  of   a  dog   was  made  to   rise  from   39.6^  C. 
(103.2°  F.)  to  44.8°  C.  (112.6°  F.),  simply  from  the  frequently  repeated 
muscular    contraction   caused   by   powerful   electrical   stimulation  of 
the  spinal  cord.    The  patients  usually  retain  perfect  consciousness,  and 
are  bathed  in  sweat.     The  urine  contains  albumen,  probably  as  a  result 
of  the  tetanic  contraction  of  tlie  renal  arteries.      There  are  also  cases 
which  may  run  a  rapidly  fatal  course  and  yet  be  unaccompanied  by 
fever.     In  these  there  is  an  extensive  muscular  rigidity,  particularly 
about  the  head  and  trunk,  the  patients  hold  themselves  perfectly  stiff, 
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and  lliere  are  none  of  the  above-deBcrilied  muscular  contractions 
altt'rnating  with  a  momentary  abatement  of  the  rigiclitj. 

Acute  tetanus  is  nsually  fatal.  Death  may  occur  within  twenty- 
four  hours  from  the  beginning  of  the  disease,  or  after  the  lapse  of 
four  to  five  days.  There  is  also  a  subacute  or  chronic  form  of  triamua 
or  tetanus  which  ordinarily  is  not  accompanied  by  fever.  Sometimes 
the  tetanus  remains  limited  to  the  muscles  in  the  neiglibourhood  of  the 
injury,  affecting  [)erhaps  the  arm  alone,  or  the  injured  leg,  or  the  tfluB- 
cles  of  the  head. 

Head  Tetanm— Rose,  Bemhanlt,  and  Gfiterbock  state  that  the  so- 
called  head  tetanuH  occurs  after  injuries  in  the  region  of  the  distribu- 
tion of  one  of  the  twelve  cranial  nerves.  It  is  distinguished  particu- 
larly by  tetanic  contractions  of  the  muscles  of  masticatiou^ — by  trismus, 
as  it  is  called — which  is  combined  with  facial  paralysis  and  spasm  of 
the  muscles  of  the  pharynx,  ne  in  hydrophobia,  and  hence  is  some- 
times given  the  name  of  tetanus  hydrophobicus.  In  a  certain  number 
of  cases  spasms  alone  appear,  and  in  others  the  spasms  are  accom- 
panied by  paralytic  manifestations.  The  paralyses  occur  chiefly  in 
the  distribution  of  the  facial  nerve,  less  often  in  nerves  of  the  eye, 
while  the  motor  branches  of  the  fifth  remain  miparalysed,  and,  on  the 
contrary,  take  a  prominent  part  in  the  contractions  (Brunner),  The 
rigidity  then  descends  to  the  neck,  trunk,  and  extremities.  The  con- 
tractions begin  on  the  same  siile  as  the  injury  and  are  stronger  here. 
The  paralytic  manifestations  occur  regularly  on  the  same  side  as  the 
injury  ;  and  in  case  the  injury  is  in  the  median  line  the  facial  paraly- 
sis may  be  present  on  both  sides.  The  paralysis  of  the  facial  nerve, 
according  to  Rose's  view,  is  caused  by  compression  of  the  swollen 
ner\e  in  the  aijiieductus  Fallopii,  but  this  cannot  always  be  dem- 
onstrated in  the  post-mortem  examination.  Head  tetanus  is  not  al- 
ways fatal,  particularly  chronic  cases,  whieli  Klemm's  statistics  show 
may  last  from  four  to  twelve  weeks,  and  are  much  more  apt  to  ter- 
minate favourably  than  the  acute  form  of  the  disease.  Giiterbock 
and  Bernhardt  collected  fourteen  cases  with  four  recoveries.  Klemm 
bad  one  case  of  chronic  tetanus  hydrophobicus,  and  collected  the  re- 
ports of  twenty-four  others,  seven  of  which  recovered,  six  of  these 
being  chronic. 

P&tholog7  of  TetanOB. — Tlie  anatomical  changes  in  tetanus  arc  slight 
The  uiii.'roBco)u<ral  e.vainiualiuii  of  the  spinal  cord  and  tlie  neighbouring  {>e- 
riiiheral  nerves  shows  an  exiensivc  proliferation  of  the  cells.  Monuslyrski 
found  half-m  Don 'Shaped  extravasations  of  blood  in  the  interstitial  connective 
tiieue  of  the  spinal  corti  and  peripheral  uervca,  anil  a  granular  iuflltratioQ  of 
tha  nerve  cells. 
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Propiosis  of  TetanuB. — The  proguosis  of  tetanus  depends  chiefly  upc 
the  time  of  incubation  and  the  virulence  and  number  of  the  bacilli  or  spote 
(Beck).    The  acute  cases,  with  a  short  period  of  incubation,  usually  run  i 
fatal  course,  while  the  subacute  and  rare  chronic  cases  have  a  better  pit^- 
nosis.    Furthermore,  the  outcome  is  not  always  fatal  in  thoee  cases  where 
the  tetanus  is  confined  to  the  muscles  of  the  injured  limb  or  to  the  head 
(hydrophobic  tetanus).     The  earlier  tetanus  is  recognised  and  treated  proper 
ly  the  better  the  prognosis.     According  to  Rose,  the  mortality  of  tetanus  is 
88  p*»r  cent. 

Treatment  of  Tetaniu. — Treatment  in  acute  tetanus,  if  it  is  follj 
developed,  is  of  little  effect.  The  treatment  is  local  and  constitutional. 
The  wound  should  be  treated  antiseptically,  and  if  possible  its  primwj 
focus  should  be  destroyed.  Wounds  that  have  been  soiled  by  dirt  or 
other  material  should  be  thoroughly  cleansed  and  disinfected.  As  the 
tetanus  bacillus  is  anaerobic,  the  wound  should  be  thoroughly  opened 
80  as  to  allow  free  access  of  the  air,  and  the  infected  tissues  should  be 
removed  with  the  knife,  scissors,  sharp  spoon,  or  thermo-cautery. 
Tizzoni  and  Cattani  recommend,  for  the  disinfection  of  wounds  in 
which  there  is  fear  of  the  development  of  tetanus,  a  one-per-cent.  solu- 
tion of  nitrate  of  silver,  which  destroys  the  bacilli  and  the  spores  veij 
rapidly  and  certainly — in  one  minute.  In  suitable  cases  early  ampa- 
tation  of  the  injured  member  is  advisable.  Recovery  has  followed  in 
some  cases,  and  in  others  amputation  was  unsuccessful  in  saving  life. 
Especially  in  tetanus  following  injuries  of  the  extremities,  attempto 
have  been  made  to  arrest  the  disease  by  exposing  and  stretching  the 
principal  nerve  trunks — the  sciatic,  for  instance — which  supply  the 
injured  portion  of  the  body,  and  Verneuil,  Kocher,  and  others  have 
reported  cures  by  this  treatment.  The  good  obtained  from  nerve- 
stretching  in  infectious  tetanus  is  certainly  open  to  doubt  (§  97). 
With  the  local  treatment  we  combine  injections  of  antitetanic  sernin. 
A  number  of  cures  from  the  use  of  the  serum  have  already  been 
reported.  The  injections  are  useful  chiefly  in  the  incubation  period,  or 
before  tlie  disease  has  fully  developed. 

The  remainder  of  the  treatment  for  tetanus  is  purely  symptomatic 
Subcutaneous  injections  of  morphine  are  often  used,  accompanied  by 
the  administration  of  chloral  hydrate  (three  to  five  grammes  pro  dk) 
by  the  rectum,  or  large  doses  of  chloral  hydrate  or  bromide  <rf 
potassium  may  be  given  internally,  two  grammes  of  chloral  hydrate 
being  alternated  witli  the  same  amount  of  bromide  of  potassium  every 
two  hours.  Kane  states  tliat,  of  two  hundred  and  twenty -eight  caaei 
treated  with  chloral  hydrate,  one  hundred  and  thirty-four  recovere< 
and  ninety-four  died.  ( )f  ninety-three  treated  with  chloral  hydrate  ii 
combination  with  other  remedies,  thirty -three  died.     The  mostefficiec 
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means  for  quietiug  a  jjatieiit  during  a  paroxysm  is  to  administer  cliloro- 
furm  by  iuLultttion ;  but  after  the  ceesation  of  the  narcouia  the  mus- 
cular spasm  immediately  recurs.  Curare,  the  Indian  arrow  poison, 
which  has  the  power  of  paralysing  voluntary  muscles,  is  an  exceed- 
ingly valuable  I'emedy,  though  very  inconstant  in  it«  effects  on  account 
of  its  variable  chemical  comptisition.  The  success  of  the  curare  treat- 
ment has  not,  however,  been  very  encouraging.  Its  concentration 
varies  within  wide  limits.  Curare  can  be  injected  in  the  dose  of  about 
O.Olo  to  O.i'o  gramme  every  quarter  to  half  to  one  hour.  Karg  has 
curarised  patients  (by  subcutaneous  injection)  till  respiration  became 
paralysed,  after  previously  performing  a  prophylactic  tracheotomy  for 
facilitating  artificial  respiration ;  but  all  the  caaes  treatetl  in  this  way 
terminated  fatally.  It  is  a  better  plan  to  combine  the  administration 
of  narcotics  with  injections  of  curare.  Inhalations  of  amyl  nitrite 
(five  drops  twice  a  day)  have  been  used  with  success.  Bacelli  has 
obtained  satisfactory  results  by  injections  of  carbolic  acid  (0.01 
gramme  every  hour).  Sonuani  reeommeuds  iodoform.  According 
to  the  tatter's  e.\periments,  the  tetanus  poison  is  neutralised  by  iodo- 
form, or  by  the  iodine  derived  from  it ;  and  by  treating  the  wound 
with  iofioforni  during  the  period  of  its  incubation  tetaiins  can  be 
preventetl.  He  states  that  mice  inoculated  simply  with  earth  died  of 
tetanus  in  less  than  three  days;  but  if  the  earth  used  in  the  inocula- 
tions WHS  first  mixed  with  iodoform  tlie  animals  remained  unaffected 
by  the  disease.  Pure  cultures  are  not  changed  when  iodoform  is 
added  to  them,  but  are  killed  in  one  miimte  by  the  addition  of  a 
one-per-cent.  solution  of  nitrate  of  silver  (Tizzoni,  Cattani).  Sonnani 
also  recommends  iodol,  a  two-pev-ceut.  acid  solution  of  bichloride 
of  mercury,  and  chloral  with  camphor.  The  further  treatment  of 
tlie  disease  consists  in  careful  isolation  of  the  patient,  and  in  keeping 
away  from  him  every  sort  of  external  irritation  or  disturbance,  par- 
ticularly during  the  stage  when  the  muscular  spasms  are  a  prominent 
symptom, 

De  Kenzi  lias  succeeded  in  curing  four  out  of  a  total  of  five  cases 
of  tetanus  by  securing  to  the  patient  absolute  rest,  which  is  the  very 
best  curative  agent  at  our  disposal.  De  Renzi  places  the  patient  with 
tetanus — the  ears  liaving  Ireen  plugged — in  a  room  which  is  completely 
isolated,  absolutely  quiet,  and  darkened.  All  the  necessary  manipula- 
tions in  the  care  of  the  patient  are  performed,  as  far  as  possilde,  in  the 
dark.  The  nourishment  is  entirely  fluid.  When  the  pain  is  severe 
I>e  Renzi  gives  l>eIlndonna  and  ergot  internally. 

§  74.  Septiosmia. — The  term  neptuxfmla  is  given  to  a  poisoning  of 
the  body  (intoxication)  which,  as  a  rule,  rapidly  terminates  in  death, 
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ttnd  is  not  characterised  by  the  formation  of  such  metastatic  suppnr 
tive  processes  as  occur  in  the  disease  called  pysemia  (pus  poisoning 
which  is  closely  related  to  it.  Septicaemia  is  usually  found  in  conjuue 
tion  with  putrefactive  (gangrenous)  changes  in  a  wound  or  inflamma- 
tory focus,  though  it  may  sometimes  have  an  intestinal  or  pulmonaiy 
origin.  Occasionally  the  point  of  entrance  of  the  infection  cannot  be 
found  (cryptogenetic  septicsemia.)  It  is  often  perfectly  impossible  to 
make  a  sharp  distinction  between  pyaemia  and  sepsis,  as  the  two  dis- 
eases are  frequently  found  in  combination,  both  clinically  and  anatom- 
ically, and  hence  the  term  septicopyamiia.  Examination  of  the  blood 
for  bacteria  is  of  great  importance  for  the  etiology  and  prognosis  of 
sepsis  and  pyaemia.  Absorption  of  the  toxines  alone  seldom  causes 
death ;  bacteria  can  usually  be  found  in  the  blood  of  the  fatal  cases. 

Etiology  of  Septicsemia  in  Man.— Virchow,  Billroth,  and  others  produced 
septicsemia  by  injecting  decomposing  substances  into  the  vascular  system 
and  tissues  of  animals,  and  the  discoveries  in  fermentation  and  decomposi- 
tion which  were  made  about  the  same  time  helped  to  shed  light  upon  the 
importance  of  lower  organisms  in  the  production  of  sepsis.  Then  Panum 
demonstrated  that  analogous  septic  diseases  could  be  excited  by  using  de 
composing  fluids  which  had  been  boiled  after  the  fungi  existing  in  them 
were  removed.  This  theory  of  the  origin  of  septicsemia,  partly  from  bacteria 
and  partly  from  fluids  free  of  bacteria,  is  now  being  still  further  elaborated, 
so  that  at  present  we  distinguish  two  principal  forms  of  septicaemia,  one 
caused  by  fungi  and  the  other  by  soluble  chemical  poisons.  The  septioemia 
due  to  the  presence  of  bacteria  is  an  infectious  disease  capable  of  transmis- 
sion to  other  animals ;  in  other  words,  the  blood  of  animals  having  this  kind 
of  sepsis  will  produce  the  same  disease  when  inoculated  into  healthy  animak 
The  virulence  of  the  blood  increases  each  time  it  is  taken  from  an  animal 
having  the  disease  and  inoculated  into  a  healthy  one. 

In  the  second  form  of  septicasmia  the  blood  contains  dissolved  in  it 
chemical  poisons  or  gases,  the  poisonous  products  of  the  metabolism  of  the 
fungi,  and  it  is  not  infectious  any  more  than  the  blood  of  an  individual  suf- 
fering from  strychnine  or  prussic-acid  poisoning. 

Between  tlie  two  forms  of  septicaemia  the  one  due  to  toxines  and  the 
other  to  bacteria,  there  are  numerous  transition  and  combined  forms;  ift 
otlier  words,  bacteria  of  every  description  are  sometimes  found  in  the  blood 
of  those  suffering  from  poisoning  by  the  chemical  products  of  bacterial 
metabolism. 

The  changes  which  take  place  in  decomposition  are  of  great  important 
for  an  understanding  of  the  etiology  of  septicaemia.  It  has  been  mentionei 
that  in  the  decomposition  excited  in  albuminous  bodies  by  bacteria,  vario« 
substances  are  formed,  the  chief  of  which  are  peptones  and  similar  bodie 
nitrojL^^enous  bases  (leucine,  tyrosine,  amine),  organic  fatty  acids,  aromat 
products,  colourintr  matters,  and  particularly  poisonous  toxalbumeus.  ai 
certain  alkaloids  to  whicli  have  been  given  the  name  of  cadaver  alkaloids 
ptomaines.    The  latter  possess  intensely  poisonous  properties.     It  liad  loi 
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be*n  known  that  toxic  bodies  were  present  in  the  products  of  decomposition, 
as  Panuin,  in  1S03,  had  isolated  from  putrefying  substances  his  putrid  poison, 
Bergniann  and  Schmiedeberg  obtained  e.  crystalline  body,  sepsine,  Billroth 
discovered  another,  etc,  Selmi  was  the  first  to  recognise  the  uatui-e  of  these 
btKlies,  and  he  gave  them  the  name  of  cadaver  alkaloids  or  ptomaines. 
Brieger  and  others  have  obtained  several  ptomaines  in  u  pure  state,  such  as 
collidine,  peptoxine,  neuriue,  neuridine,  choline,  etc.,  and  have  investigated 
their  action  upon  animals.  Patenio,  Spica.  and  others  found  that  ptomaines 
are  also  a  product  of  normal  metabolism,  though,  of  course,  they  are  formed 
in  suiall  amounts.  They  are  hence  not  exclusively  decom  position -products 
of  the  albiimiuoid  botlies  in  the  presence  of  bacteria.  The  jioisonous  ptomaines 
are  called  t^ixines.  Bergmann  and  Angerer  have  proved  that  febrile  dis- 
eases similar  to  septicemia  can  be  produced  by  non-bacterial  poisons  such  as 
fermenta.  In  a  case  of  septic  (putrefactive)  intoxication  occurring  without 
the  presence  of  micro-organisms  in  the  blood,  there  will  somewhere  be  found 
a  focus  of  suppuration  or  some  decomposing  pus  or  blood,  the  decomposition 
being  due  Co  micn>organisms,  particularly  the  various  kinds  of  bacilli.  If 
the  focus  of  suppuration  is  removed  early  enough  recovery  may  take  place. 
In  these  foci  of  suppuration  or  gangrene  there  will  be  not  only  the  bacteria 
of  decomposition,  but  many  others,  such  as  pyogenic  staphylococci,  strepto- 
cocci, and  different  bacilli. 

Septicemia  in  man  is  caused  sometimes  by  bacilli  and  sometimes  by  cocci 
(StreptococcuB  pyogenes,  Streploeocciig  aeptii'va  Flugge,  Staph fflocriccua 
aureus).  In  the  septicemia  due  to  progressive  gangrenous  emphysema  vari- 
ous bacilli  have  been  demonstrated.  Charaeon,  Rosenbach,  and  others  found 
the  same  bacilli  which  Koch  proved  to  be  the  cause  of  malignant  cedema — 
a  disease  running  a  rapidly  fatal  course  in  mice,  guinea-pigs,  and  rabbits. 

These  (pdema  bacilli  (Figs,  304.  30.5).  which  Pasteur  formerly  designated 
as  vibriotis  aeptiques,  were  described  on  pages  339  and  340.  It  is  interesting 
to  note  that  the  symptomatic  anthrax  occurring  endemically  in  cattle  is  pro- 
duced by  siuiilar  bacilli,  and  that  their  multiplication  in  the  subcutaneous 
cellular  tissue  causes  inflammatory  swelling  with  the  evolution  of  gas.  Fur- 
thermore, in  hajmoFrhagic  septicietnia  many  kinds  of  bacilli  have  been 
fouDd,  Lubarsch  observed  a  case  of  septic  pneumonia  in  a  newborn 
child  which  died  two  days  after  birth.  He  cultivated  from  the  lungs  and 
spleen  rod-sha|>ed  organisms  which  in  the  main  corresponded  with  Giirtner's 
Baeitlua  enteritidiB.  Repsis  results  in  some  cases  from  endocarditis  with 
old  or  recent  vegetatiotis  ripon  which  streptococci  are  deposited  from  the 
blood,  giving  rise  to  infected  emWi. 

Experimestal  Septionmia  in  Anlmali,— Thanks  to  Robert  Kocli.  we  pos- 
sess a  more  accurate  knowledge  of  human  septicemia  on  account  of  this  in- 
vestigators experiments  u|x>n  animals.  There  is  a  toxic  Beplica'mia  (septic 
intoxication),  and  a  septicwmia  which  is  bacterial  in  its  nature  Uransmissi- 
ble  septic  infection).  Toxic  septictemia  occurs  after  the  injection  of  largo 
amountaof  decomposing  substances  into  the  subcutaneous  cellular  tissues- 
Imniediately.  or  soon  after  the  injection,  there  ensue  restlessness,  weakneas, 
cramps,  often  vomiting.  Rnallj  paralysis,  and  not  infrequently  death  follows 
in  a  few  hours  from  paralysis  of  respiration.  No  bacteria  are  found  in  the  blood 
Orjatemal  organs.    If  decomposing  fluids,  with  the  bacteria  of  decompositi 
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M»^t  ki«|»l  fipr  Iwi'tily-fciur  lunirn  in  the  inculMitor  at  a  tempeimtiire  of  40*  to 
41"  ( '.  ( KH"  Ui  KmX'  K.;  find  then  used  for  injectUm,  the  poisonoiu  effects  are 
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siunally  transmitted  from  parrots  to  man.  Lepetit  found  as  i 
coccus  which  be  obtained  from  the  blood  and  made  pure  c 
found  the  Staph ylococms  auretis  and  citreitg  in  the  lungs. 

Bai!t«ria  of  DecompoaitioiL— Hauser  has  taught  us  the  morphology  tuid 
biology  of  three  kinds  of  bacteria  cuusiug  decomposition,  and  called  by  him 
Proteus  vulgaris,  Proteus  mirabilis,aiul  Proteus  Zen- 
ker!. From  small  rods  similar  to  Coliji'a  Bacterium 
femio  there  develop  in  proper  nutritive  media  longer 
rods  and  screw-shaped  flluments,  which,  after  exhaust- 
ing the  nutritive  medium,  cliauge  into  short  rods  and 
spherules,   which  are  probably  spores.     These  three  ^    ^^ 

kinds   of    bacteria,   isolated    from    decomposing  sub-    Fia.z\i.-~Jiu*rn«m t^ 
stances,  are  capable  of  exciting  decomposition,  while       f[[ueM«f'^«!te*^"?  1 
Ihe  filtrate  freed  from  bacteria  did  not  have  this  power        cbiokBD  elioleni,  nibUt   1 
(saprogenic).     The  investigations  about  their  patho-       ^^n^ioc' wm 
genie  properties  and  their  relationship  to  septicaemia       enliirifMl. 
revealed  the  fact  that  these  tliree  bacteria  evolved,  by 

exciting  decomposition  of  animal  tissue,  a  violent  chemical  poison,  which, 
when  introduced  in  very  small  amounts  into  the  blood  and  lymphatic  vessels 
of  small  animals,  caused  the  death  of  the  latter  with  every  symptom  of 
putrid  intoxication.  These  bacteria,  which  are  saprophytic,  are  not  them- 
selves pathogenic— that  is,  they  are  not  capable  of  developing  within  Uie 
living  body.  According  to  Brunner,  however,  the  Proteus  rulgaris  is  fre- 
quently of  importance  in  the  most  acute  cases  of  puerperal  sepsis ;  it  is  poa- 
_^  Bible  that,  like  the  Bacillus  coli  communis,  it  passes 

froni  the  rectum  into  the  female  genital  tract  Ac- 
cording to  E.  Levy,  the  Proteus  vulgaris  (Hauser)  is 
to  be  looked  upon  as  a  germ  of  decomposition  which 
has  a  variable  jwisonous  action,  and  when  injected 
subcutaneously  into  dogs,  mice,  and  rabbits  it  causes 
the  typical  picture  of  sepsis,  and  particularly  an 
acute  hemorrhagic  gastro-enteritis.  A  number  of 
the  coses  of  meat  )>oisoning  are  cuuse<l  hj'  this  bacil- 
o^^!i^T""«pti'*"i'"     '"^  P">l*'is  (Hauser), 

(Uusppe)-    »  1.W0-  Ferment  Intozicstion  and  Septicemia.— Semnier, 

RoBxhach,  and  Kosenberger  have  made  experiments 
which  show  that  after  the  injection  of  ferments  or  sterilised  septic  blood  the 
animals  thus  treated  will  die  of  seijsia.  from  the  development  of  bacteria  in 
the  blood.  If  these  experiments  are  free  froni  error,  il  seems  to  pi-ove  that 
the  properties  of  the  blixtd  are. so  changed  by  the  injection  of  the  above- 
named  substances  that  it  is  rendered  possible  for  bacteria  to  develop  in  it — a 
Ihine  which  would  be  impossible  if  normal  conditions  existed  in  the  blood 
and  tissues.  But  there  is  some  reason  to  doubt  that  the  substaiifes  injected 
in  these  experiments  were  actually  free  from  all  contamination  by  bacteria. 
Bergniann  and  Angerer  have  made  some  interesting  discoveries  as  to  the 
n^lalionship  of  ferment  intoxication  to  septica-tnia.  It  is  well  known  that 
Birk  and  others,  by  transfu.sing  blood  containing  fennenl.  or  by  injecting 
filirin  ferment  into  Ihe  blond,  obtained  in  the  animals  experimented  ui»on, 
both  during  life  and  afl«r  death,  the  same  phenomena  which  occur 
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introduction  of  fluids  which  are  decomposing  or  rendered  foul  by  bacter^ 
vegetation.    The  changes  consist  essentially  in  a  more  or  less  extensive  di^ 
integration  of  the  white  blood-corpuscles,  with  a  secondary  formation  of 
fibrin  in  tbe  capillaries,  the  large  pulmonary  vessels,  and  in  the  heart   Bei^ 
mann  and  Angerer  excited  the  same  changes  by  injecting  large  doses  of  8te^ 
ilised,  transparent,  aqueous  solutions  of  pepsin  and  pancreatin.    The  serere 
ferment  intoxications  run  a  rapidly  fatal  course,  presenting  the  picture  of 
intoxication  by  decomposing  substances.    The  pure  ferment  consequent!/ 
acts  in  a  manner  similar  to  the  pathogenic  bacteria — that  is,  mainly  by  de- 
stroying tbe  wbite  blood-corpuscles.    These  investigators  were  unable  to 
confirm  the  above-mentioned  statements  of  Rosenberger  and  Bossbach,  that 
bacteria  can  develop  as  a  result  of  the  presence  of  sterilised  ferment  solutions 
in  the  blood. 

Occurrence  of  Septicsmia. — Septicsemia  in  man,  since  the  antiseptic 
method  of  treating  wounds  has  come  into  general  use,  is  of  much  las 
frequent  occurrence  than  was  formerly  the  case.  Antisepsis,  carefnllj 
carried  out  in  every  operation  and  in  the  subsequent  treatment  of 
every  wound,  is  the  best  guarantee  against  the  occurrence  of  septi- 
eeemia.  If  septicceuiia  should  make  its  appearance  after  an  operadon 
upon  healthy  tissue,  it  is  a  proof  that  there  has  somewhere  been  i 
transgression  of  the  rules  of  asepsis.  The  septic  poison,  the  micro- 
organisms, may  gain  access  to  the  wound  in  many  different  ways— for 
instance,  at  the  time  the  injury  was  received,  or  by  infected  instrn- 
ments,  unclean  fingers,  etc. 

Pathological  Changes  in  Septicsmia. — The  pathological  changes  in 
septicaemia  consist,  in  the  first  place,  in  the  local  changes  at  the  point 
of  infection  and  the  surrounding  parts,  which  will  be  more  minutely 
described  when  we  come  to  the  symptomatology.  The  most  constant 
change  is  found  in  the  blood  after  death.  It  is  dark-coloured,  like  tar, 
prone  to  rapid  decomposition,  and  not  infrequently  has  an  acid  reac- 
tion (carbonate  of  ammonia).  According  to  Grawitz  the  blood  i» 
noticeably  thin ;  if  the  percentage  of  solids  in  the  blood  was  lowered 
from  21  per  cent  to  15  per  cent,  or  less,  death  always  occurred.  The 
above-mentioned  micro-organisms  will  be  found  in  the  vessels  and 
blood,  and  in  the  tissues  of  the  different  organs,  though  in  cases  of 
pure  intoxication  the  micro-organisms  will  not  have  a  general  distribn* 
tion  throughout  the  body,  but  will  be  present  only  in  the  focus  of 
infection.  The  disintegration  of  the  white  and,  to  a  less  extent,  of 
the  red  blood-corpuseles,  brought  about  by  the  micro-organisms  orbj 
the  products  of  their  metabolism,  is  characteristic.  The  bacteria  are 
present  in  the  white  ])lood-corpu6cles,  in  which  they  are  scattered 
through  the  system,  and  finally  change  the  leucocytes  into  masses  of 
bacteria  (Figs.  311,  313).     As  a  result  of  the  disintegration  of  the 
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white  blooj-corpiisck's.  the  hlowl  possesses  an  inereaeed  ])owei'  of 
coagulation.  In  cousequeiice  of  the  changes  in  the  composition  of  tlie 
blood  and  the  altenitions  in  the  wallie  of  the  vessels,  allowing  their 
contentB  to  esca|>e  through  them,  there  ariees  a  tcndent-j  to  small  and 
large  hiemorrhagefi  in  the  gastro-intestinal  tract,  in  the  mesentery  and 
omentum,  in  the  spleen,  endocardium,  pleura,  kidneys,  bladder,  and, 
in  short,  in  all  the  different  organs.  The  changes  occurring  in  the 
heart  and  lungs  are  not  constant,  there  being  sometimes  a  general 
pleurisy  and  soiuetimes  symptoms  of  pericarditis.  In  the  intestinal 
canal  there  is  frequently  an  extensive  enteritis,  taking  the  form  of  a 
catarrhal  swelling  with  eoehymoses,  and  the  formation  of  ulcere,  as  in 
a  dysenteric  inflammation.  The  spleen  is  almost  always  large  and 
soft,  and  the  hver  is  likewise  somewhat  enlarged,  congested,  and 
friable.  The  kidneys  are  increased  in  size,  the  parenchjnna  is  in  the 
stage  of  cloudy  swelling,  and  there  is  a  catarrhal  change  in  the  uri- 
niferoue  tubules.  The  al)ove-mentioned  micro-organisms  will  be  found 
most  abundantly  in  the  kidneys,  and  chiefly  in  the  capillaries  of  the 
glomeruli  and  in  the  afferent  vessels.  The  changes  in  the  internal 
oi^ane  are  sometimes  very  slight.  Diffuse  metastatic  inflammations, 
embolic  infarcts,  and  foul  al)8ceBses  also  occur  in  septicjemia,  especially 
when  the  latter  is  combined  with  pyiemia  (pyo-septictemia);  but  they 
are  by  no  means  so  frequent  or  so  characteristic  of  septictemia  as  are 
the  metastatic  suppunttiuns  for  pyajmia. 

The  Clinical  Coarse  of  Septictemia, — Tlie  symptoms  of  septicaemia 
are,  for  the  most  [jart,  chiiracterised  by  the  presence  of  a  high  and 
generally  continuous  fever,  and  by  a  number  of  inflammatory  pro- 
ceeees.  The  two  different  forms  of  aeptictemia— distinguished  in 
resi>ect  to  their  ctiologj",  the  putrid  or  septic  intoxication  due  to  the 
products  of  bacterial  metabolism,  and  that  due  to  the  presence  of  bac- 
teria—cannot ciinicAlly  be  sharply  differentiated,  and  in  man,  as  we 
have  stated  before,  they  not  infrequently  occur  in  combination.  It  is 
impossible  to  describe  the  symptoms  of  septicemia  so  as  to  include  all 
its  forms. 

The  wounds  which  are  capable  of  giving  rise  to  septicsemia  may  be 
fresh  or  granulating.  Every  wound,  no  matter  how  small,  can  he  the 
starting-point  for  septic  infection.  The  mode  of  development  of  the 
wound  infections  was  descritied  at  length  in  g  00.  The  locJil  manifes- 
tations at  the  point  of  the  injury  varv-  greatly,  and  they  may,  in  fact, 
he  entirely  absent,  as  in  the  cases  of  septictemia,  which  run  a  very 
acute  course.  These  are  characterised  by  a  rapid  febrile  intoxicntion 
of  the  whole  system,  which  occurs  before  there  are  any  local  symp- 
toma  in  the  wonnd.     In  the  worst  cases  there  is  a  gradual  clouding 
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of  the  mind,  followed  by  atapor  and  death  withia  the  first  two 
three  days. 

The  febrile  movement  is  not  characteristic  in  septicaamia  ;  in  iaa 
there  are  forms  of  the  disease  which  mn  their  course  withont  any  fevei 
at  all.  On  the  other  hand,  the  frequency  of  the  pulse  is  always  notice- 
ably inereaaed  (Fig.  316),  If  the  ordinary  wound-fever,  occnniag 
after  open  injuries  from  the  absorption  of  the  products  of  decompoa- 
tion,  is  looked  upon  as  a  septic  intoxication,  it  must  be  admitted  thtt 
we  fretjuently  meet  with  transient  abortive  forms  of  septic  intoiici- 
tion,  which  are  marked  by  a  moderate  rise  of  temperature  to  about  39° 
C.  (1U2.2°  F.),  and  terminate  favourably  in  a  few  days  without  giring 
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lUl  luniperaturD  and  very  rapid  pulac. 


rise  to  any  appreciable  complication  in  the  wound  or  in  the  intemil 
or^ns.  This  simple  septic  fever  is  of  very  common  occarrence,  wMle 
it  is  relatively  seldom  that  we  meet  with  the  above-mentioned  seva* 
cases  of  septic  intoxication  which  run  a  rapidly  fatal  coarse.  In  & 
cussing  fe\'er  in  general,  we  learned  that  the  latter  may  be  caused  bj 
the  absorption  of  substances  which  were  not  decomposed,  such  as  fibrin 
ferment,  etc. — a  condition  which  Volkmann  and  Genzmer  have  deeijf 
nated  as  wound-fever.  ron.sc(]uently  our  present  knowledge  of  tb« 
etiology  of  fever  makes  it  impermissible  to  look  npon  everv  rise  in 
temperature  in  those  who  have  been  injured  as  a  septic  fever. 

All  cases  of  general  se]>sis  in  whi<li  the  inflammation  is  plainl; 
spreatling  from  the  point  of  infection  have,  in  general,  an  unfavourab! 
prognosis.     The  severity  of  tlic  constitutional  symptoms  and  the  e; 
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tent  of  the  local  infiammatory  procesfl  vary  here,  too,  very  much,  the 
latter  ehowiug  all  the  stcpg  from  a  mild  lymphangitis  to  a  violent  sep- 
tic phlegmon  or  an  acute  eeptic  gangrene.  In  this  class  belong  the 
caaes  of  septic  infection  which  arise  from  very  slight  injuries,  such  as 
arc  not  uncommon  on  the  lingers  of  surgeons  after  operations  upon  ab- 
ficesses,  decomposing  tissue,  etc.,  from  infection  by  putrefying  matter. 
After  twelve  to  twenty-fonr  hours  there  is  a  chill,  and  the  temjrerature 
rapidly  rises  to  39.5°  C.  (1U3.1°  F.)  or  40°  C.  (,104°  F.)  and  higher,  the 
small  wound  on  the  duger  becomes  painful  and  is  inflamed,  the  epitruch- 
lear  and  axillary  glands  swell,  and  red  streaks  appear  on  the  arm  (septic 
lyniplmngitis).  By  the  next  day,  if  proper  treatment  is  employed,  the 
tfe[Jtic  infection  may  have  run  its  course,  or  recovery  may  take  place 
with  the  formation  of  pus  at  the  point  where  the  injury  was  received, 
and  with  the  development  of  circumscribed  abscesses  in  the  epitrochlear 
and  axillary  glands,  or  death  may  follow  from  general  septic  poisoning. 
In  other  instances,  the  septic  intiamtnation  starting  from  the  wound  is 
severe,  anti  leads  to  an  extensive,  rapidly  spreading  cellulitis,  which  is 
accompanied  by  high  fever,  as  described  on  page  338.  Rarely,  and 
then  particularly  after  severe  traumatisms,  such  as  a  "  run-over"  acci- 
dent, a  rapidly  advancing,  putrefactive  inflammation  will  develop  with 
the  evolution  of  gas  in  the  tissues,  usually  terminating  in  death  within 
the  tirst  forty-eight  hours.  The  gangrene  of  the  tissues  in  such  cases 
may  in  the  flrst  plat^  lie  caused  by  the  injury  alone,  and  then,  in  addi- 
tion to  the  local  traumatic  gangrene,  there  is  added  a  rapidly  extend- 
ing decomposition,  due  to  the  entrance  of  the  germs  of  decomposition, 
which  may  spread,  and  involve  the  entire  extremity.  Sometimes  this 
traumatic  origin  of  the  gangrene  due  to  contusion  of  the  tissues  can  be 
excluded,  and  yet  there  will  be  a  rapidly  spreading  gangrene,  with  de- 
composition and  the  evolution  of  gas.  This  is  sometimes  the  case  in 
snake  bites.  The  acute  purulent  tederaa  of  Pirogoff  and  the  gangrene 
j'lwJri'ijiiiite  of  Maisonneuve  belong  Xa  those  worst  forms  of  septic  in- 
flmnnitttion.  The  affected  extremity  is  usually  excessively  swollen, 
partly  from  nedema  and  )iartly  from  the  gases  produced  by  decomposi- 
tion. At  the  same  time  there  is  given  off  a  foul  odour,  and  a  crackling 
emphj'sema  of  the  skin  radiates  in  all  directions  from  the  wound.  The 
muscles  become  changed  into  a  reddish-brown  mass  full  of  bubbles  of 
gas.  Coma  and  death  follow  in  a  few  days,  usually  preceiled  by  an  iu- 
cre«se  in  the  cedema.  This  progressive  gangrenous  emphysema  {gim- 
gtvnt^  giisense) — which,  by  the  way,  is  of  very  infrequent  occurrence 
•rince  the  introduction  of  antiseptic  methods — is  caused  by  bacilli  similar 
to  those  which  Koch  idcntilied  as  the  cause  of  malignant  ce<lcma  in 
mice,  guinea-pigs,  and  rabbits.     Progressive  gangrenous  emphysei 
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occurs  in  conjunction  with  compound  fractures,  or  any  deep  wouni 
into  which  earth  or  some  other  material  containing  tiie  oedema  bacil/f 
has  penetrated. 

The  other  symptoms  of  septicaemia  referable  to  the  internal  oiymg 
are  caused  by  the  general  septic  infection.  Usually  the  spleen  ib 
plainly  enlarged,  and  very  often  the  liver  also.  Not  infrequently 
there  is  jaundice,  generally  of  a  haematogenous  nature,  as  a  result  of 
the  disintegration  of  the  red  blood-corpuscles  caused  by  the  niicro- 
organisms  or  their  products.  There  are  usually  gastro-intestiual  dis- 
turbances, which  in  the  severer  forms  of  septicaemia  give  rise  to « 
diarrhoea  which  is  sometimes  feculent,  sometimes  mucous,  or  even 
bloody -diphtheritic  in  character. 

The  urine  ordinarily  contains  albumen.  The  diffuse  inflammation* 
of  the  pleura,  the  pericardium  and  endocardium  give  rise  to  marked 
symptoms  only  in  exceptional  cases.  There  are  not  infrequently  ex- 
anthematous  eruptions  of  the  skin,  which  take  the  form  of  blebs  or  puB- 
tules,  or  resemble  urticaria,  measles,  or  scarlet  fever.  These  eruption! 
are  caused  in  part  by  the  bacteria  (bacterial  metastases  in  the  skin)  and 
in  other  cases  they  are  to  be  explained  as  angioneuroses  due  to  the  action 
of  bacterial  toxines  (Meyer).  Haemorrhages  in  the  skin  and  the  in- 
ternal organs  are  sometimes  a  prominent  symptom  (haemorrhagic  septi- 
caemia, see  also  page  375).  Veins  and  arteries  may  be  opened  by  ab- 
scesses, leading  to  dangerous  haemorrhages. 

PrognosiB  of  SepticsBinia. — The  pro^osis  of  septicaemia  is,  in  the  pro- 
nounced cases  of  bacterial  septicaemia,  for  the  most  part  unfavourable.  Tl» 
cases  of  intoxication  by  decomposing  substances  in  which,  by  proper  treat- 
ment, we  can  remove  from  the  body  the  focus  of  infection,  have  relatively 
the  best  prognosis.  After  tliis  procedure  has  been  accomplished  the  absorp- 
tion of  the  products  of  bacterial  metabolism  ceases,  and  with  it  also  the 
poisoning.  But  it  is  important  to  bear  in  mind  that  a  patient  may  apparently 
recover  from  septicaemia  by  encapsulation  of  the  infectious  matter,  and  yet» 
after  the  lapse  of  a  longer  or  shorter  time,  it  may  again  enter  the  circulfr 
tion,  being  set  free,  perhaps,  by  some  slight  trauma  or  by  a  violent  muscular 
contraction,  and  cause  the  death  of  the  patient.  The  experiments  of  Grawiti, 
Behring,  and  others  make  it  seem  probable  that  the  powers  of  the  organism 
for  witlistanding  septic  intoxication  are  weakened  principally  by  the  exten- 
sive disintegration  of  the  red  blood-corpuscles  brought  about  by  the  toxic 
substances. 

Diagnosis  of  Septicaemia. — In  tlie  diagnosis  of  septicaemia,  the  behaviour 
of  the  original  wound  or  injury  and  the  intlammatory  manifestations  in  it 
the  presence  of  decomposition  of  tlie  blood,  wound  secretion,  or  pus,  and  the 
presence  of  fever,  and  particularly  the  increased  frequency  of  the  pulse,  art 
all  im|)ortant.  In  those  cases  of  septicaemia  in  which,  without  noticeable 
local  inflammatory  symptoms,  there  occurs  within  a  few  hours  of  the  recep- 
tion of  the  injury  a  severe  fever,  the  diagnosis  can  usually  be  cleared  up  by 
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pjltiiip  an  exact  history  of  the  injury.  A  smatl  and  very  rapid  pulse  is 
exceedingly  important  iu  niakiug  the  diagnosis  of  BepiicEemia.  The  greatest 
diagnostic  difflcutties  will  be  met  with  in  those  cases  in  which  no  source  of 
infection  can  be  found,  in  the  so-called  cryptogenic  septJciemia  or  septico- 
pyteniia.  the  origin  of  which  can  only  be  ascertained  during  the  course  of  the 
disease  or  at  the  post-mortem  exainiuation.  Wagner  has  published  a  venry 
instructive  account  of  u  number  of  eases  of  this  kind. 

The  So-called  Surgical  Boailatma,— In  speaking  of  the  symptomatology  of 
pyemia  and  septicEPmia,  we  mentioned  the  occasional  occurrence  of  exanlhem- 
alous  eruptions  in  the  skin,  particularly  those  which  resemble  the  eruptions 
of  measles  and  scarlet  fever.  Surgical  scarlet  fever,  as  it  is  called,  has  been 
ilescribed  by  Thomas,  Riedinger.  and  HolFa.  It  is  sometimes  a  purely  vaso- 
motor disturbance.  In  addition  to  this  eruption  of  septicseniia,  pycemia.  and 
erysipelas,  due  to  vasomotor  disturbance,  tliere  is  also  a  real  scarlatina 
which  occure,  particularly  in  children,  after  operations  and  the  reception  of 
wounds.  In  such  cases  the  poison  of  scarlet  fever  passes  directly  from  the 
wound  into  the  genera!  circulation.  E.  Koch  collected  twenty-six  cases  of 
true  scurlatina  following  operations  and  the  reception  of  wounds  among  the 
patients  of  the  children's  hospital  at  Basel,  and  he  states  that  the  period  of 
incubation  in  this  wound  scarlet  fever  is  shorter  than  in  the  usual  non- 
surgical form.  This  surgical  scarlatina  is  probably  due  mainly  to  strepto- 
cocvus  infection. 

Treatment  of  Septicfemia.— The  treatment  of  Beptictemia  oonBists,  in 
tlie  tirst  place,  in  treating  any  injury  wliich  may  be  jtreeent  witli  the 
greatest  surgical  care.  Every  iufectious-wound  disease,  and  conse- 
quently septicfemia,  can  be  avoided  by  antisepsis  or  asepsis  if  strictly 
carried  out.  If  fever  follows  an  injury  or  an  operation,  the  wound 
should  be  most  carefully  examined,  and  any  retention  of  decomjios- 
ing  blood,  of  the  wound  secretion,  or  of  pus,  uliould  be  immediately 
remedied  by  incision  and  drainage,  and  this  should  be  followed  by  dis- 
infection with  a  1  to  1,000  solution  of  bicliloride  of  mercury  or  a  three- 
to  tive-per-cent.  solution  of  carbolic  acid.  The  special  treatment  for 
local  inflammation  and  suppnratiou  is  described  in  §§  07-72.  In  sep- 
ticsemia  which  is  the  result  of  a  severe  septic  plilegmon  with  extensive 
gangrene,  it  may  not  infrequently  be  necessary  to  sacrifice  an  entire 
limb,  by  amputation  or  disarticulation,  to  save  the  life  of  the  patient. 
But  it  ttbould  be  l>orne  in  mind  that  in  an  extensive  septic  cellulitis, 
numerous  free  incisions,  followed  by  thorough  disinfection  of  the  in- 
fective focus  thus  freely  exposed,  tnny  lie  sufficient  to  answer  every 
purpose ;  thougli,  on  tlie  other  hand,  amputation  should  not  t>e  too  long 
delayed,  as  the  patient  may  even  after  that  die  of  septicffimia.  The 
rest  of  the  treatment  is  wholly  symptomatic;  there  is  no  effective 
remetly  for  counteracting  septic  constitutional  infection.  The  treati* 
ment  of  the  fever  is  conducted  on  tlic  rules  laid  down  in  §  1)2.  If  the^ 
akin  of  an  iufecteil  patient  is  dry,  Billroth  recommends  that  the  excre- 
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tion  of  the  poisonous  substances  be  hastened  by  exciting  pronoancai 
diaphoresis,  either  by  placing  the  patient  in  a  warm  bath  for  an  hour, 
or  by  wrapping  him  up  in  warm  blankets,  or  by  administering  laijge 
quantities  of  a  hot  drink,  etc.  As  a  matter  of  fact,  we  know  from  the 
experiments  of  Brunner  and  others  that  the  bacteria  are  excreted  in  the 
sweat.  The  septic  diarrhoea  is  combated  with  opium,  tannin,  snb- 
nitrate  of  bismuth,  acetate  of  lead,  enemas  of  starch  paste  containing 
tannin,  opium,  etc.,  but  unfortunately  they  are  usually  without  mnch 
eflFect.  The  diet  of  the  patient  should  be  one  which  is  easily  assimi- 
lated, and  as  nutritious  as  possible.  Alcohol  in  the  form  of  strong 
wines  or  whiskey  should  be  given  freely.  Transfusion,  which  has  been 
used  by  Ilueter  in  the  treatment  of  septicsemia,  is  not  to  be  recom- 
mended. 

§  75.  PysDmia  (PyohsBmia)  or  Pub  Poisoning. — Pyaemia  or  pyoli»mi» 
(from  ttOoi;,  pus,  and  atfui^  blood)  was,  until  recently,  understood  to 
mean  an  infection  by  pus,  a  pus  poisoning,  caused  by  the  presence 
in  the  blood  of  the  elements  of  pus.  In  general,  pysemia  is  charac- 
terised by  the  development  of  multiple  foci  of  suppuration  (metas- 
tases) in  the  diflFerent  organs,  as  a  result  of  the  wide  distribution  of 
the  pyeBmic  poison,  and  by  an  intermittent  type  of  fever.  It  has 
been  stated  before  (page  370)  that  it  is  often  impossible  to  draw* 
sharp  distinction  between  pysemia  and  septicaemia,  and  that  both  of 
these  diseases,  clinically  as  well  as  anatomically,  frequently  occur 
together  (septicopyeBmia).  Consequently  it  is  becoming  more  and 
more  a  common  practice  to  make  no  attempt  at  distinguishing  be- 
tween septicaemia  and  pyaemia,  either  clinically  or  anatomically.  B 
would  be  simpler  to  include  both  diseases  under  one  name,  such  as 
pyosepticflemia  or  septicopyaemia. 

Etiology  of  PysBinia — Mioro-organinna. — Koch  has  produced  experim^ 
tally  in  rabbits  a  pya3mia  which  is  similar  to  the  pyaemia  occurring  in  man. 
He  states  that  this  pyaemia  of  rabbits  is  excited  by  a  specific  coccus  whid» 
differs  from  all  other  cocci,  and  in  particular  from  the  coccus  of  the  che«y 
pus  found  in  rabbits. 

It  used  to  be  believed  that  the  pysemia  of  man  was  due  to  a  specific 
micro-organism,  but  this  theory  has  been  proved  to  be  incorrect :  and,  ia 
general,  there  are  found  in  pyaemia  the  same  micro-organisms  as  in  s^ 
ca^mia  (see  pages  370-374),  which  is  a  proof  that  the  two  diseases  cannot  ba 
considered  etiologically  distinct.     The  common  pus  cocci  are  the  ones  m(t^ 
constantly  present  in  pyaemia  (see  pages  327-330).     Any  acute  abscess  maj 
give  rise  to  the  disease.     Under  ordinary  conations  the  abscess  is  cut  off  If 
the  inflammatory  infiltration   surrounding  it  from  the  adjoining  bealtlif 
parts,  so  that  the  cocci  cannot  find  their  way  out  into  the  tissues  and  dito* 
latory  fiuids  of  the  body.     If,  liowever,  the  system  is  not  protected  in  iM 
manner,  if  the  suppurating  area  is  subjected  to  a  certain  amount  of  pKssaR 
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or  if  tLere  is  any  considerable  new  addition  of  cocci  to  those  already  prcHWit. 
a  general  systemic  poisooiug  from  the  cocci,  with  a  constituliuaal  febrile 
disease  aud  the  formation  of  suppurating  foci  in  all  the  different  organs — in 
other  words  pyemia — is  easily  produced.  Clinically  there  are  two  main 
groujn  or  forms  of  the  pyjemic  process.  In  one  there  is  a  large  focus  of 
suppuration,  puesibly  in  a  joint  ur  following  a  compound  fracture,  and  start- 
ing from  this  focus  there  is  a  continuous  invasion  of  the  whole  hotly  hy 
cocci,  accompanied  by  a  hectic  fever  and  followed  by  death.  In  the  second 
group  of  cases  there  is  no  large  focus  of  suppuration,  but  instead  there  is 
only  some  small  injury,  an  insignilicant  cutaneous  abrasion,  or  a  punctured 
wound,  etc. ;  and  following  this  single  infection,  there  ensues,  williout  any 
long-continued  suppuration  at  the  point  of  infection,  a  constitutional 
pysemic  process  and  death,  though  the  primary  injury  may  have  cicatrised 


hether  in  the  lymph 
to  fatal  pycemia  if  t|je 
lu  this  worst  form  of 

present  Rosen  bach 
the  Strep- 

plea  of  pyaemia  have 


a  long  lime  previously.     Any  collcctii 
glands  or  in  any  of  the  organs,  can  suddenly  gi' 
bacteria  enter  the  circulaCi< 

pyemia  with  metastases  the  ordinary  pus  cocc 
found  that  the  most  frequent  cause  of  pyiecnia  wit 
toeoccun  pyogenes  (see  page  329),  though  typical 

been  known  to  ri»llow  infection  by  other  cocci,  the  Staphylococcun  pyogenes 
aureus,  for  instance.  In  addition  to  the  pytemia  due  to  cocci  there  is  also  a 
pyemia  due  to  bacilli,  and  essentially  the  same  micro-organisms  ore  present 
as  in  septictemia.  and  hence  the  difficulty  of  distinguishing  the  two  diseases 
etiological ly.  Chiari  discovered  a  capsule  bacillus  to  be  the  cause  of  pyaemia 
in  some  cases.  It  is  similar  to  Fried  lander's  pneumonia  bacillus  and  Ffeif- 
fer's  Bacillus  capstilntmi.  For  the  pyfcmia  caused  by  fungi,  see  page  373. 
The  course  of  pyEcmia  in  man,  as  of  the  other  infectious- wound  diseases, 
varies  with  the  virulence  of  the  infecting  micro-organisms,  their  number, 
the  susceptibility  of  the  individual  affected,  and  the  anatomical  location  and 
peculiarities  of  the  iwiiit  of  infection.  We  know  that  the  virulence  of  the 
same  micro-organism  is  subject  to  variation,  and  that  we  can  artificially 
weaken  this  virulence  of  the  septic  and  pysemic  micro-organism ;  and  it 
has  been  proved,  by  the  esperimenta  of  Koch.  GafFky.  and  others,  that  we 
can  increase  their  virulence  by  transmitting  the  micro-organisms  in  ques- 
tion from  one  animal  to  another  of  the  same  species— for  example,  from 
man  lo  man. 

It  occasioTially  happens  that  the  origin  of  a  pyicniia  is  not  clear  during 
the  life  of  the  patient,  as  is  true  of  septica>mia,  and  the  disease  is  then  called 
cryptogenic  pytemia  or  pyosepticiemia.  In  such  cases  the  focus  of  the  infec- 
tion which  gave  rise  to  the  pyiemia  can  usually  be  discovered  at  the  post- 
mortem examination. 

Tlw  Pftthologioal  Changes  Oocnrring  in  Fywinia.— The  severe  poisoning 
of  the  whole  organism  is  the  p«Mloniinunt  feature  of  septicaemia,  but  in 
pyii^mia  the  local  inllammatory  procrasea  are  characteristic.  In  the  first 
place,  micro-organ  isms  will  be  found  in  the  ves-suls.  in  the  blood,  in  all  the 
various  organs,  and  in  the  melastatie  foci  of  suppurntion  (Figs.  317.  318).  In 
the  blood  the  micro-organisms  are  present  in  the  plasma,  and  particularly  in 
the  white  <v>rpuscles.  which  in  py:emia  as  well  as  in  septicipmia  are  destroyed 
IB  relatively  large  numbers.    The  bacterial  inflammation  of  the  walls 
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ith  the  consequent  formfttion  of  Ibrombi,  which,  under  the  influenee 
>cci  they  contain,  break  down  and  suppurate,  is  a  characteristic  feU' 
tur«  of  pyaemia,  (see  {  69,  Phlebitis).  Portions  of  tb« 
infected  or  suppurating  thrombi  are  torn  off  and  c■^ 
ried  away  by  the  blood  current  and  lodge  here  iDd 
there  as  emboli,  possibly  in  the  pulmonary  capillarM^ 
and  wherever  they  find  lodgment  they  produce  thrani- 
bosis  and  suppuration  (metastatic  abscesses).  CoUte- 
tionsof  micrococci  and  metastatic  (embolic)  abscoM 
may  thus  be  found  in  the  muscles  of  the  heart,  tb 
endo-  and  pericardium,  in  the  lungs,  pleura,  brui, 
liver,  spleeu,  kidneys,  in  the  joints,  the  marrow  of  tin 
bones,  the  muscles,  lymph  glands,  and,  in  shori  it 
all  the  different  oi^ans.  Occasionally  a  reddeninf 
tike  erysipelas  makes  its  appearance  in  the  skin,  ImI 
it  generally  disappears  after  the  lapse  of  a  few  dtji; 
or  there  may  also  be  vesicles  or  pustules.  If  lh> 
pyaiinia  runs  a  more  chronic  course,  the  pathologinl 
changes  are  less  pronounced ;  the  local  inflamiDslixf 
processes,  the  metastatic  abscesses,  are  not  so  numcr 
OU8,  or  they  occur  in  the  stage  of  convalescence.  TU 
marked  emaciation  of  the  patient,  the  fever  caused  bf 
tbe  changes  in  the  organs  (see  {  68),  and  the  rem- 
nanls  of  the  earlier  local  indammatory  or  suppun* 
tive  processes,  are  characteristic  of  chronic  pyami*. 
Oooumnoe  of  Fynmii.— Since  the  advent  of  tin 
antiseptic  period  of  surgery,  pyaemia  has  otxuinl 
much  less  frequently  than  it  used  to.  Before  thedtji 
of  antisepsis  many  hospitals  were  notorious  for  lit 
pysemia  and  infectious- wound  diseases  which  nffA 
endemically  within  them,  but  now  in  these  same  hcs- 

pitals  the  antiseptic  method  of  treating  wounds  has  caused  the  infectiout- 

wound  diseases  to  disappear  entirely.    The 

most  certain  way,  then,  of  preventing  pyte- 

mia  is  to  observe  the  strictest  antisepsis  and 


Fis.  SIT.— Blood -vnwel  in 
tha  cortical  subiitaiics 
of  tlie  liiJiitiy,  taken 
IVom  a  pj'iomic  rabbit: 
a,  dense  tnaoH  of  uiicro- 

coDUuniDg  blvoil-cor- 
pUHclHi:  i,  A,  email 
(froup«  of  co«;i  between 
the    blood  -  coruuHclea. 


Clinioal  Course  of  Pynmia, — The  sjmp 
toms  of  pytemia  are  characterised  by  the 
development  of  collectione  of  micrococci 
and  multiple  metastatic  abacesees  in  differ 
ent  organs  of  the  body,  and  by  an  inter 

mittent  type  of   fever   with  intercurrent        °A'o°flpiii^ri!^u'tw«nihe'w 
chills.     According  to  the  nature  of   the 
wound  the  cases  are  divided  into  two  main 

classes.  In  tlie  first  f^ronp  there  iB  somewhere  a  collection  of  pus— fM 
instance  in  a  joint — or  if  may  be  connected  with  a  compound  fwctiira, 
and  from  tins  focus  tlie  whole  body  receives  constant  invasions  hj 
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coeei.  ami  at  the  aanie  time  there  is  an  intermittent  fever  with  inter-        ^^^| 
current  chills.    In  the  second  group  of  cnses  the  disease  originates  from       ^^^| 
the  single  infeetioo  of  gome  small  wound,  and  not  from  a  collection  of       ^^H 
pus  which  hae  heen  in  ejiistence  a  long  time.    lu  this  second  group  the       ^^^| 
micro-organisms  multiply  in  the  system  and  spread  through  all  parts       ^^^| 
of  it,  and  wherever  they  find  lodgment  they  excite  inflammation  and        ^^^| 
suppuration.     Frequently  there  is  no  injury  present.     In  this  case  the        ^^^| 
pyiemia  has  developed  from  some  inflammatory  or  infectious  focus.               ^^H 
The  pyspTnie  fever,  wliich  has  been  carefully  studied  by  Billroth        ^^H 
and  Henbner,  does  not,  as  a  rule,  follow  a  regular  course,  hut,  in  the        ^^H 
main,  is  intermittent — that  is,  after  a  marked  elevation  of  temperature         ^^H 
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Pi,..  i\'j. — Tcnipcrsturo  curve  of  p.vipniiii, 

there  is  a  sudden  fall  to  a  normal  or  subnormal  point,  and  the  tempera- 
ture remains  down  for  a  variable  length  of  time  (Fig.  319). 

Pytemia  is  usually  ushered  in  by  a  rigour,  and  in  its  subsequent 
conrse  chills  are  of  more  or  less  frequent  occurrence,  the  temperature 
rising  with  greater  or  less  rapidity  after  each  chill  to  40°  C.  (104'  F.) 
or  higher,  and  jnst  as  rapidly  again   ilropping  to  the  normal.     The 
length  of  time  that  each  chill  lasts  varies  very  much.     If  the  tempera-                    } 
tore  riees  gradually  there  will  he  no  chills. 

Tilt!  intermissions  may  be  repeated   ever)'  twenty-four  hours  or                    i 
every  other  rlay,  or  less  frequently.     After  several  days  have  elapsed 
without  anv  fever  it  mav  lie  thought  that  the  pyiemia  has  terminated 
favourably',  when  suddenly  there  will  be  a  fresh  chill  followed  by  high 
fever,  and  then  it  will  l>e  known  that  the  disensc  is  still  active.     This 
peculiarly  irregular  course  of  the  pyiemic  fever  is  due  to  the  fact  that 
1   from  time  to  time  micrococci  and  the  products  of  their  metabolism                   J 
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escape  from  some  particular  focus  or  collection  of  them  into  the  gen 
eral  circulation.  When  their  metabolic  products  have  again  been  er 
creted  from  the  blood  the  fever  ceases. 

The  condition  of  the  pulse  corresponds  to  the  course  of  the  fever, 
but  Konig  is  right  in  stating  that  the  pulse  of  a  pjsemic  patient  still 
remains  rapid  during  the  time  when  there  is  no  fever,  and  never  en- 
tirely  falls  to  the  normal  rate.     The  general  condition  of  the  patient 
varies  with  the  amount  of  the  fever.     The  appetite  is  usually  veij 
poor ;  occasionally  there  is  nausea  or  vomiting,  and  in  the  later  stages 
there  is  apt  to  be  a  profuse  diarrhoea.     The  urine  ordinarily  contaim  , 
albumen  and  casts.     Jaundice  is  common,  and  is  sometimes,  as  in  sep- 
ticaemia, hsematogenous,  in  consequence  of  the  disintegration  of  the 
red  blood -corpuscles ;  and  in  other  cases  it  may  be  caused  by  pyamic 
abscesses  of  the  liver  or  by  catarrhal  swelling  of  the  intestinal  mncow  ^, 
membrane  in  the  neighbourhood  of  the  ductus  choledochus.     Theothff  j^ 
symptoms  of  pyeemia  are,  in  general,  caused  by  the  metastatic  infiam-  ^ 
mations  in  the  internal  organs,  and  vary  greatly  according  to  the  ex-  i 
tent  and  location  of  these  inflammations.     Metastases  in  the  lungs  give  t 
rise  to  haemoptysis,  to  circumscribed    catarrhal   processes,  to  lobultf  J 
pneumonia,  extensive  pulmonary  abscesses,  and  to  the  different  kindi  i 
of  pleural  inflammation.     The  metastatic  processes  in  the  abdominJ  | 
organs,  the  liver,  spleen,  and  kidneys,  often  give  rise  to  so  few  symp*  ^ 
toms  that  they  cannot  be  diagnosticated  during  the  life  of  the  patieit  j 
Abscesses  occur  with  the  greatest  frequency  in  the  lungs  and  spleen,  j 
less  often  in  the  liver  and  kidneys.     Metastatic  joint  inflammations  are  , 
not  uncommon.     A  large  amount  of  albumen  in  the  urine,  with  epithe* 
Hum,  casts,  and  an  admixture  of  blood,  indicate  an  acute  metastatic 
nephritis. 

If  metastatic  suppuration  develops  in  the  brain  there  will  be  oonfr 
spouding  symptoms  of  paralysis.  Metastatic  meningitis  will  present 
the  picture  of  diffuse  suppurative  encephalitis. 

The  abscesses  which  may  occur  in  the  superficial  organs,  the  lyrai^ 
glands,  parotid,  joints,  muscles,  and  subcutaneous  cellular  tissue,  etc, 
are  easily  recognisable  ;  they  often  cause  no  pain,  and  are  accompaniel 
with  little  inflammatory  reaction,  which  is  also  the  case  vdth  abficessei 
in  the  medulla  of  the  bones.     As  in  septiceemia,  there  is,  in  conseqneiK*  ^ 
of  the  disturbance  of  nutrition  in  the  walls  of  the  vessels,  a  tendencyto 
capillary  haemorrhages  ;  or,  in  consequence  of  the  suppurative  breakinf 
down  of  a  thrombus  and  the  adjoining  wall  of  the  vessel,  which  mij 
be  situated  within  a  focus  of  suppuration,  haemorrhages  from  the  larger 
arteries  and  veins  may  take  place,  which  will  endanger  the  life  of  the 
patient.     The  eruptions  on  the  skin  are  to  be  explained  either  as  befi- 
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erial  metastases  in  the  skin  or  as  angioneuroses  due  to  the  action  of  the 
)aeterial  toxiues  (R.  Meyer).  If  the  pyaemia  starts  from  a  granu- 
lating wound,  it  is  sometimes  noticed  that  the  latter  begins  to  sup- 
purate less  freely  than  before,  the  granulations  become  pale  and  flabby, 
and  not  infrequently  break  down  or  undergo  diphtheritic  changes. 

The  duration  of  a  pyfemia  is  very  uncertain.  Generally  it  runs  an 
icute  course  (eight  to  ten  to  twelve  days),  often  a  subacute  (three  to 
fonr  weeks),  less  frequently  a  chronic  course  (two  to  three  to  five 
months).  As  in  septiceBmia,  so  also  in  pyaemia  there  are  cases  which 
apparently  recover  and  then  suddenly,  after  the  lapse  of  months  or  a 
jrear  or  more,  there  occurs  a  fresh  acute  general  infection  starting  from 
the  old  encapsulated  pyaemic  focus,  to  which  the  patient  may  succumb. 
The  prognosis  of  pyaemia  depends  in  general  upon  whether  the  local 
infection  can  be  promptly  overcome  or  not. 

FrognodB  of  PySBmia. — Acute  pyaemia  is  usually  fatal,  and  yet  there  are 
recorded  cases  of  recovery  in  spite  of  internal  metastases  in  the  lungs,  spleen, 
Btc  The  more  frequently  the  chills  are  repeated,  the  more  rapidly  the 
itrength  fails,  and  the  earlier  the  symptoms  occur  pointing  to  internal  metas- 
laaes,  so  much  the  more  rapidly  will  the  disease  terminate  in  death.  Chronic 
[»jaemia  finally  kills  the  patient  by  exhaustion,  unless  the  focus  of  infection 
that  is  present  is  subjected  to  proi)er  surgical  treatment. 

SiagnOfUL — In  the  diagnosis  of  pyaemia  the  irregular  course  of  the  fever, 
irith  intercurrent  chills  and  the  occurrence  of  metastases,  are  almost  pathog- 
Qomonic.  Occasionally  pyaemia  is  combined  with  septicemia  or  with  ery- 
Rpelas,  and  then  its  course  is  masked  by  the  other  infectious- wound  disease. 

Treatment  of  PysBinia. — Pyaemia  is  treated  in  essentially  the  same 
way  as  septicaemia.  As  in  septicaemia,  the  local  treatment  of  the  source 
of  infection  is  exceedingly  important,  and  should  be  as  energetic  as 
possible — that  is,  every  pyaemic  collection  of  pus  should  be  done  away 
with  at  the  earliest  possible  moment.  All  metastatic  abscesses  accessible 
to  surgical  treatment  should  be  opened  on  antiseptic  principles  and  dis- 
infected. But  the  treatment  of  fully  developed  pyaemia,  as  of  septicae- 
mia, is,  for  the  most  part,  of  no  avail.  It  must,  however,  never  be  for- 
gotten that  we  have  a  certain  means  of  preventing  both  diseases  by 
practising  thorough  antisepsis  in  the  treatment  of  every  wound.  If  the 
patient  is  long  confined  to  bed,  disturbances  of  the  circulation,  as  a 
iBsnlt  of  cardiac  and  respiratory  weakness,  are  very  apt  to  occur  in  the 
kin,  followed  by  necrosis  of  the  latter — in  other  words,  bedsores  or  de- 
obitns  may  appear,  especially  in  those  regions  where  the  skin  is  closely 
iperimposed  upon  the  bones,  as  over  the  sacrum,  the  trochanters,  scap- 
'ae,  and  elbows.  To  avoid  this  complication,  these  areas  of  skin  should 
J  carefully  protected  from  pressure  by  the  use  of  air-  or  water- 
sliions,  and  they  should  be  kept  scrupulously  clean  by  washing  them 
27 
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with  alcohol,  etc.  The  treatment  of  bedsores  after  they  have  devel- 
oped will  be  discussed  under  the  subject  of  ulcers  (see  §  93,  Diseases  of 
the  Skin). 

§  76.  Infection  by  Cadaveric  PoiioiL — All  individuals  who  have  much 
to  do  with  cadavers  or  dead  animal  matter,  and  so  all  physicians,  aniito- 
mists,  butchers,  cooks,  etc.,  are  liable,  on  the  reception  often  of  trifling 
injuries,  to  suflFer  from  infectious  inflammations  of  various  sorts,  which   , 
very  often  lead  to  fatal  general  poisoning.     The  so-called  cadaveric   ] 
poison  is  more  or  less  identical  with  the  poison  of  decomposition.    But    ' 
the  bodies  of  all  animals  which  have  died  from  a  specific  infectiooft-  j 
wound  disease,  such  as  erysipelas,  pysemia,  anthrax,  rabies,  etc.,  still  ;j 
harbour  the  specific  bacteria  which  caused  this  infectious  disease,  and 
these  bacteria   remain  capable  of  exciting  the  same  disease  for  the 
first  twenty-four  hours  after  death.     When  decomposition  of  the  dead 
body  sets  in,  the  specific  bacteria  of  pytemia,  erysipelas,  anthrax,  etc, 
perish,  succumbing  in  the  struggle  for  existence  with  the  bacteria  of 
decomposition.     Consequently  there  may  be  various  poisonous  Bub» 
stances  in  the  cadaver,  notably  the  excitants  and  products  of  decompo- 
sition, and  also,  in  the  period  immediately  following  death,  the  excitanto 
of  specific  diseases.     Therefore  it  can  be  understood  why  the  infectioni 
of  wounds  from  dead  bodies  have  very  different  clinical  results,  and 
that  septicaemia  and  pysemia,  as  well  as  specific  diseases  like  antliraz 
and  tuberculosis,  are  alike  transmissible  from  cadavers.    Infection  with 
cadaver  poison  usually  takes  place  through  a  small  incised  or  punctured 
wound,  an  abrasion  of  the  skin  from  a  splinter  or  sharp  edge  of  bonfl^  ^ 
etc.,  and  frequently  the  injury  is  so  trifling  as  not  to  bleed,  and  maybe  a 
entirely  overlooked.     As  a  general  thing  it  is  better  when  the  wound  - 
bleeds,  as  then  any  bacteria  which  may  have  lodged  in  it  are  apt  to  be 
swept  out  by  the  flow  of  blood. 

In  the  first  place,  there  are  wound  infections  which  run  a  very  acute 
course,  particularly  those  in  which  the  infection  is  from  a  septic  cadaver. 
This  may  also  occur  in  surgeons  after  they  have  operated  upon  a  col- 
lection of  foul  pus  in  a  living  patient.     The  septic-wound  infectioa 
may,  in  the  worst  cases,  exhibit  the  following  peculiarities :  At  tbe 
outset  there  is  a  small  injury,  which  generally  causes  only  a  slight 
amount  of  pain,  and  then  very  soon  there  occur  headache,  nausea,  gen- 
eral lassitude,  a  severe  chill,  and  a  rapid  rise  of  temperature.    In  tbe 
worst  cases,  which  are,  however,  not  common,  death  may  follow  with- 
in two  to  three  days,  preceded  by  delirium  and  stupor,  and  yet  the  poinl 
where  infection  took  place  will  not  show  any  noticeable  local  inflam- 
mation.    These  are  the  eases  of  acute  septicaemia  which  have  been 
described  in  §  74.      It  is  still  a  question  whether  these  severe  forms  of 
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septicEemia  can  be  caused  by  infection  from  a  non-septic  cadaver — i,  e., 
Iiy  infection  with  llie  usual  cadaveric  poison. 

Comparatively  often,  after  infection  from  a  dead  body,  a  circum- 
scribed inflammation  will  begin  in  the  neighbourhood  of  the  wound, 
terminating  in  suppuration,  and  Laving  a  tendency  to  gangrene,  with 
secondary  lymphangitis,  phlebitis,  and  purulent  lymphadenitis,  for 
example,  in  the  epitrochlear  and  axillary  glands.  Sometimes  the  course 
uf  the  diseaee  is  very  protracted,  and  there  are  cases  which  act  like 
chronic  pysemia.  These  latter  are  apt  to  occur  after  infection  from  the 
dead  body  of  a  patient  who  has  died  of  pytemia. 

Cadaver  Tuberculoaii  (  Verruca  nevi-ogenu^). — The  so-called  ana- 
tomical tubercle  is  a  peculiar  chronic  form  of  infection  from  dead 
bodies,  and  is  the  name  given  to  wart-like,  moiet,  often  ulcerating 
growths,  which  are  particularly  liable  tjj  occur  upon  the  backs  of  the 
hands  or  the  knuckles  of  those  wlio  habitually  handle  cadavers,  such  as 
anatomists,  demonstrators,  etc.  The  anatomical  tubercle  usually  re- 
mains local,  though  there  may  be  attacks  of  acute  lymphangitis  and 
lymphadenitis,  with  possibly  the  formation  of  abscesses.  Baumgarlen, 
Biebl,  and  others  have  demonstrated  that  the  anatomical  tubercle  is  not 
the  result  exclusively  of  ordinary  ca<]aver  poisoning,  as  these  investiga- 
tors have  found  tubercle  bacilli  in  the  tulrercles.  Consequently  it  is 
an  undoubted  fact  that  some  anatomical  tubercles,  at  least,  are  forms 
of  local  tuberculosis. 

There  occaeiomdly  result  from  cadaver  infection  small  abscesses 
and  pustules  without  any  injury  of  the  skin  having  occurred;  under 
these  conditions  the  poisonous  substances  are  lodged  in  the  normal 
cutaneous  pores,  especially  the  sebaceous  glands. 

Zobuotio  Xrynpeloid. — In  this  class  of  cases  belongs  the  eo-called 
zoiimitl''  ^p'lir/er-Tyijfl'iii'/— chronic  erysipelas  or  erythema  migrans — 
which  has  been  descrilied  on  page  357. 

Mention  hae  been  made  of  the  fact  that  very  dangerous,  s[>ecific, 
infections- wound  diseases  can  \ie  transmitted  to  man  froii>  the  dead 
bodies  of  human  beings  and  animals,  particularly  within  the  first 
twenty-four  hours  following  death.  This  matter  will  be  discussed 
again  when  we  come  to  the  subjects  of  anthrax,  syphilis,  etc. 

ProphyUziB  and  Treatment  of  Cadaver  Infection. — From  these  facts 
it  follows  that  every  one  having  much  to  do  with  dead  human  or 
animal  iHxiies  should  use  the  greatest  precautions.  To  j'rewnt  catlav- 
eric  infection,  the  hands  should  be  thoroughly  disinfected  in  the  way 
descrilwd  on  (lages  10  and  12.  By  this  means  the  so-called  anatom- 
ical luliercle  can  be  avoided  with  certainty,  ami  after  it  has  broken  out 
it  can   be   caused   to  gradoally  disappear  by  the   use   of  bichloride 
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washes  and  dressings.  If  post-mortem  examinatioDS  have  to  be  under- 
taken  upon  bodies  infected  witli  pytemia,  eepticaemia,  anthrax,  etc.,  or 
in  case  of  small  scratches  or  wonnds  of  the  hand,  it  is  an  exoellent  plan 
to  cover  the  hands  with  carbolised  vaseline,  rubber  gloves,  etc. 

If  an  injury  is  sustained  during  the  autopsj  the  blood  shonld  bo 
pressed  out  of  the  wound,  or  the  latter  should  be  sucked  and  tlwB 
thoroughly  disinfected,  no  matter  how  trifling  it  may  be,  witli  s  one- 
fifth -per-cent.  solution  of  l)ichloride  of  nierenry,  or  a  five-per-cent 
solution  of  carbolic  acid.  These  remedies  are  better  than  the  appli- 
cation of  caustic  acids  which  form  an  eschar,  such  as  nitric  add, 
which  was  at  one  time  very  frequently  used.  After  many  yesn' 
experience  as  an  anatomist,  Louge  advises  that  before  undertakiiig 
an  autopsy  all  cracks  or  scratches  on  the  liauds  should  be  painted  wilh 
tincture  of  iodine ;  and  he  has  also  adopted  the  same  treatment  for 
any  wound  received  during  tlie  course  of  the  autopsy,  after  it  hu 
stopped  bleeding.  If  loeal  inflammation  or  systemic  infection  bLodU 
occur,  either  condition  sliould  be  treated  upon  the  principles  wliick 
have  been  laid  down  in  a  previous  chapter.  Long  and  deep  iucisiuii 
should  always  lie  made  at  an 
early  stage  at  the  point  of  in- 
fection, and  these  should  be 
followed  by  the  continuous  ap- 
plication  of   solutions   of   hi- 
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Fio.  320.— BliioJ  fi 


10.  321.— Antlimx  thrcsdn  from  the  WfA  rf> 

tiiouw.  Taken  ftxim  H  bouillon  culture  im  l»» 
oil!  at  21'  (.'.  At  n  tLe  tlireail*  are  "ctn  ^ 
tiiiotlj'  to  be  made  up  of  aeparale  bacilli   >  IM' 


chloride  of  mercury  varying  in  strength  from  1  to  500  to  1  to  1,0M 
of  water,  acetate  of  aluminium  1  to  2  j>er  cent.,  etc.     Morphine  shodl  . 
l>e  oxhibite<l  hypodermically  to  alleviate  pain, 

^  77.  Splenic  Fever  or  Anthrax. — Anthrax  is  an  acute  infection 
disease  caused  hy  a  specific  liacilhis,  and  is  one  of  the  most  widely  dit 
tributed  and  fatal  of  diseases.  ]>articu]arly  among  cattle,  and  it  is  nc* 
infrequently  communicated  from  them  to  man.     The  name  wjfenw 
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derived  from  the  fact  that  animals  afflicted  with  this  diBeaee 
iry  mnch  enlarged  spleen. 

gy  <tf  Anthrax. — Accurate  knowledge  had  been  obtained  about  the 

anthrax  before  anything  was  known  about  the  etiologj  of  the 
terial  infectious  diseases.  la  1819  FoIIender  and 
rorking  entirely  independently  of  each  other,  dis- 
D  the  blood  of  cattle  dying  of  anthrax,  fine  rod- 
■uctures,  and  afterwards  recognised  their  vegetable 
Davaine  was  the  first  to  prove  that  anthrax  could 
cited  in  healthy  animals  by  inoculating  the  latter 
d  which  contained  no  bacteria,  but  tliat  it  could  be 

by  inoculations  with  blood  in  which  the  bacilli 
ent  (1863).  These  experiments  were  frequently  re- 
td  always  with  the  same  results,  Festeur,  in  par- 
iing  blood  which  had  been  freed  from  formed  ele- 
filtering  it  through  porcelain.    Robert  Koch  has 

us  with  the  most  important  facts  concerning  an- 

its  bacilli. 

■ax  Baoilln*— The  anthrax  bacillus  (bacillue  an- 
i  a  transparent  rod.  incapable  of  motion,  possesses 
^nds,  and  is  3  to  10  ^  long  and  1,0  to  1.2  )i.  broad 
.  It  is  found  in  the  blood  of  animals  s\iffering 
irax  either  singly,  each  bacillus  by  itself,  or  in  flla- 
ide  up  of  two  to  six  to  ten  little  rods  connected 
Fig,  381).  The  line  of  separation  between  the  indi- 
cilli  is  often  plainly  distinguishable,  causing  the 
^laments  to  assume  a  characteristic  appearance, 
lus  is  incapable  of  motion  and  is  aerobic — that  is, 
I  the  presence  of  oxygen  to  grow,  the  most  favour- 
erature  being  that  obtained  in  a  culture  oven,  and  culture  of  ui- 

pment  takes  place  below  15°  C  or  above  45°  C.  tin"'"^ht 

ine  is  rapidly  liquefied.     Gelatine  puncture  cul-  ^"i*  <>>'^- 

Jly  present  the  appearance  illustrated  in  Fig.  322 
Sne  processes,  thorns,  or  needles  radiate  from  the  line  in  which  the 
was  made.  On  gelatine  plates  colonies  develop  with  a  notched, 
order  or  a  cone-shaped  coil,  from  which  filamentous  extensions 
it  in  all  directions.  On  potatoes  the  bacillus  forms  a  dry,  white 
;.  323) :  on  agar  there  develops  a  greyish,  slightly  glistening  cover- 
ill  artificial  nutritive  media  long  filaments  are  formed  made  up  of 
idreds,  or  even  thousands,  of  separate  bacilli.  When  the  nutrition 
ne  exhausted  from  the  culture  medium,  provided  oxygen  is  present 
emperature  remains  between  1P°  and  40°  C..  the  bacilli  develop 
hich  have  the  shape  of  small  drops  with  a  strongly  refractive 
"he  best  spores  form  in  temperatures  between  20°  to  25*  C  At  the 
■urable  temperature  the  spores  are  formed  in  twenty-four  hours ; 

it  takes  seventy  to  seventy-five  hours.  After  the  spores  have 
ned  the  bacillus  breaks  up,  and  the  spores  are  liberated  and  can 
ey  lodge  upon  a  proper  nutritive  medium,  each  grow  into  a  bacil- 
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lus.    The  powers  of  resistance  possessed  by  anthrax  spores  vary  i 

particular  noxious  intlueiice  to  which  they  may  be  subjected,  a  fiv«-i 

solution  of  carbolic  acid,  for  instance,  killing'  them  in  two  to  thirty 

days,  while  steam  at  a  temperature 

of  100°  C.  will  destroy  their  vitality  .       ' 

in  three  to  ten  to  twelve  minut«s. 


Fio.  tS4.— ADthrax  thrsada  m 


If  bichromate  of  potassium,  in  the  proportion  of  1  to  2,000-5.000.  is  t 
a  nutritive  medium  containing  anthrax,  such  as  bouillon,  the  bacilli  i 
their  power  of  forming  spores.  The  same  result  can  be  obtained  by 
ing  bouillon  cultures  containing  carbolic  acid  (in  the  proportion  of 
10,000)  for  eight  days  to  a  temperature  ranging  between  30°  and 
Anthrax  bacilli  thus  rendered  incapable  of  forming  spores  lose  none 
virulence  when  used  for  inoculating  purposes ;  nevertheless,  the  specit 
regains  its  lost  power  of  developing  spores.  There  is  some  difference! 
the  shape  and  the  appearance  of  the  cul 
^^         *     ^     *  the  ordinary  anthrax  bacilli  and  those  r 

incapable  of  spore  formation.  This  I 
peculiar  significance,  showing,  as  it  d<: 
the  bacteria  exhibit  marked  differences 
ing  upon  the  medium  in  which  they  < 
and  tliat  they  cannot  be  distinguished  fi 
another  without  taking  otlier  things 
count  besides  their  shape  and  the  appeal 
the  culture.  When  they  have  exhaw 
nutritive  principles  from  any  medium  i: 
they  are  growing  the  bacilli  die  or  taki 
volution  forms.  The  anthrax  bacilli  de» 
spores  in  the  living  animal  body  and 
undecomposed  cadaver,  as  this  process  x< 
take  place  when  the  access  of  ox.vgen  is  unhindered. 

The  best  way  to  study  the  development  of  the  bacilli  under  thi 
scope  is  to  place  a  drop  of  the  ordinary  culture  bouillon  containing  tl 
in  the  concavity  of  a  slide. 


Flu.  825. — Anthrax  spores  from 
culture  iwemj-four  hours  ok 
The  sporoA,  which  art  tiuinei 


blue.    (See 


§77] 
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Artiflctal  Attenuation  of  the  Virulence  of  Anthrax  Bacilli.— The  vim- 
leiicc  of  anthrax  haeilli  can.  be  weakeued  or  atteiiuateil  iti  various  ways,  such 
as  subjectiDg  theai  to  a  hif^h  or  low  temperature,  or  tiiakiiig  the  culture  grovr 
for  a  long  time^tweuty-four  days  or  ao — at  a  temperature  of  42°  to  43°  C. 
By  treating  them  in  some  such  manner  it  is  possible  to  reuder  anthrax 
baoillL  entirely  innocuous  (Koi-li.  Lotftcr.  elc.l. 

By  cultivating  them  in  bouillon  made  of  fresh  blood  from  guinea-pigs 
the  lost  virulence  can  be  restored  (Chauveau).  The  attenuated  bacillus  forms 
metabolic  products,  which  differ  from  those  of  virulent  anthrax,  the  latter 
producing  on  artificial  nutritive  media  large  amounts  of  acid,  while  the 
former  is  more  prone  to  form  alkaline  substances  (Behring). 

The  virulence  of  anthrax  bacteria  can  be  weakeued  by  various  antagonis- 
tic bacteria,  such  as  the  cocci  of  erysipelas,  the  Bacillus  pyocyaneun.  Fried- 
lander's  pneumococciis.  the  Micrococcus  prodigioaus,  the  Bacillus  putidtia 
and  albua.eUi.  Baumgarten  and  others  found  that  when  the  Staphylococcus 
pyogenes  aureus  cornea  in  contact  with  anthrax  bacilli  in  the  bodies  of  mice 
and  guinea-pigs,  the  former  increases  yery  much  in  virulence  ajid  causes  a 
fatal  septicjemia,  while  at  the  same  time  the  development  of  ilie  anthrax 
bacilli  is  completely  arrested.  Also,  sterilised  cultures  of  the^  antagonistic 
bacteria  exert,  according  to  Buchner.  a  restraint  upon  the  development  of 
anthrax  bacilli,  whence  it  follows  that  the  chemical  substances  derived  from 
the  above-mentioned  bacteria  are  the  active  restraining  agents.  These  facts 
concerning  the  attenuation  of  anthrax  bacilli  have  been  made  use  of  for 
bringiug  about  artificial  immunity  against  virulent  anthrax  bacilli.  Pasteur 
tried  to  make  cattle  and  sheep  susceptible  to  anthrax  by  inoculating  them 
with  bacilli  which  had  been  attenuated  by  cultivation  at  a  temperature  of 
42°  to  Vi"  C.  The  principle  is  the  same  as  in  vaccination  with  cow-pox  for 
protection  from  variola;  but  Pasteur's  inoculation  with  attenuated  anthrax 
does  not  always  seem  to  give  immunity  from  infection  occurring  in  the 
ordinary  way  tlirough  the  intestine.  Hankifi,  in  Eoch's  institute,  isolated  a 
poisonous  albumose  from  anthrax  cultures,  which  produced  in  mice  and 
rabbits  immunity  from  anthrax  when  exhibited  in  very  small  doses.  Em- 
merich. Di  Mattel,  and  others  inoculated  animals  (rabbits)  with  the  erysipelas 
coccus,  and  they  liecame  afterwards  unsusceptible  to  anthrax.  Emmerich 
has  prepared  a  germ-free  serum  from  sheep  infected  with  erysipelas-strep- 
tococci for  the  treatment  of  anthrax  in  man.  The  discovery  made  by  Wool- 
d ridge  is  exceedingly  interesting.  He  found  that  injections  of  a  solution  of 
fibrinogen  which  had  been  used  for  the  cultivation  of  anthrax  made  ani- 
mals immune  from  this  disease,  and  that  the  same  result  could  also  be  ob- 
tained by  using  iibrinogen  which  had  been  subjected  to  a  slight  chemical 
change  without  making  use  of  anthrax  bacilli.  Charrin  and  Bouchard  have 
c'hetrked  anthrax  at  its  inception  in  animals  by  inoculating  them  wilh  the 
Bacilltts pyocyaneim.  and  have  cured  the  disease. 

Moat  ttutliors  are  of  the  opinion  that  anthrax  bacilli  lose  some  of  their 
virulence  after  having  passed  through  the  body  of  on  animal  which  is  not 
susceptible  to  them.  On  the  other  hand.  Malm  was  able  to  show  that  tlieir 
virulence  is  increa-se'l. 

Ooonmnoe  and  Origin  of  Anthrax.— .\nthrax  is  widely  distributed  in 
many  countries,  such  as  Kuiisia.  Siberia.  Hungary,  India,  Persia,  and  iu  certain 
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distrivte  o(  France  and  Germany,  ami  yearly  works  destruction  in  herds  of 
itle,  particularly  during  the  hot  summer  mouths,  while  in  winter  it  ('eases 
ita  ravugea.     lu  England  and  North  Americaauthrax 


I  ^^IL*  i"-^/'^*"'  is  not  BO  common.    The  anthrax  bacillus  has  not  yel 

I  ^j»^j.'j,??'f^  r*  (xMiti  proved  to  exist  ouuide  of  the  animal  body.     In 

V'/SV    .\*^*  V''        grazing  animals  (slieep.  cattle,  horses)  the  bacillus  is 
*  t^ff^i*^  \V  most  commonly  taken  into  the  system  throug'h  Ihe 

H^-»»  *■'  f^-^*\       intestine,  les«  often  by  cutaneous  inoculation.     Mice. 
•"IH^^V.-*  ii>  ^>      guinea-pigs,  and  rabbits  are  easily  infected  by  inhal- 
**^*'>J*/»''/         ing  tlie  spores,  and  are  not  readily  infected  through 
the  intestine.     In  man,  anthrax  is  communicat«Kl  par- 
Fto.BEB.—Anthni  bacilli     ticutarly  by  infection  uf  small  cutaneous  wounds 
naS'o*  uI^S"  ^e     (malignant  pustule},  leas  often  through  the  lungs  and 
b«cllll«r«  stained  with     intestine.     Tiie  anthrax  bacilli  multiply  very  rapidlv 
S^^^wM^UmnJ^k     '"  ^^^  animal  body,  and  are  found  not  only  at  the 
browiu    X  aw.  pouit  of  infection — the  malignant  pustule^  for  exam- 

ple (Pig.  326)— but  also  in  the  blood-vessels,  where 
they  exist  in  vast  numbers.    They  are  also  present,  immediately  after  the 
infection  takes  place,  in  the  lymph  and  the  chyle  when  the  infection  occurs 
through  the  intestine.     In  the  malignant  pustule  the  anthrax  bacilli  will  be 
frequently  found  enclosed  within  cells,  a  fact  whicli  cannot  he  considered  as 
supporting  Metachnikoff'a  theory  of  phagocytosis  (see  pages  878,  277),  as  the 
bacilli  were  probably  dead  before  they  were  taken  up  by  the  cella.    The 
infected  organism  usually  succumbs  very  soon  in  consequence  of  the  rapid 
multiplication  of  the  bacilli  and  the  poi- 
sonous products  of  their  metabolism.    The  t  \  ,  --    -    -:;.~-;-^ 
toxic  products  (albumoses  and  bases)  of     -"^y.  \  ^---^^iC^j' 
the  anthrax  bacilli  have  been  studied  by    i^,^  ^'f'jl^^^^r''^    '   - 
Hankin.  Lando  Lnudi.  and  others.               "^j'^^JT^^oT  — ^r-'^  /^ 
Natural  Immnnity  of  certain  Amnmls     V  ^  »\-~,    '^«V\  "■'   -w  lil~ 
from  Anthrax.-  I>uy>,  piss,  .,ii,l  ilio  r.,..-      \\,      -^     X-iV  ■- 7/l'r 
iontyofhink.re.mu„mef,vmautl,r.x;            H      -   "         ^^^"/>/'^ 

also  ruts,   foe   the  must   part,   and   frogs       ■ M  '  .       .     (\/'':>r 

under  ordinary  conditions.    Butifafrog,  __     Vj--^   ~'  'I     Xi^^* 

in  whose  lymph  sac  are  placed  anthrax  /    ~_  ^    '/V     ■^7'. 

spores,  is  put  in  an  incubation  apparatus,        ~  J^  -     '~  '    \    \v  ■  ^i'^£ 

be  will  quickly  die  of  anthrax.    Accord-  -^  — 

ing  to  Eohrschnetder,  28°  C.  is  the  lowest 

limit  of  temperature  at  which  anthrax 

bacilli  will  develop  within  a  frog's  body. 

According  to  Crookshank.  pigs  may  ac-      Fio.  8OT.— Aalhrix  bacilli  in  tbo  orilla- 

quire  anthrax.    Ssawtschenko  stated  that  "l™  "^  »"„'^'t^'in»I, '''"''".  (™bbit) 

after  the  spinal  cord  la  divided  in  doves  tbea  Ireaiwl  with  potassium  carbon- 

they  are  no  longer  immune  from  an-  ""■    "  **"■ 

thrax.     In  general,  the  immunity  which 

various  animals  possess  towards  anthrax  does  not  appear  to  be  complete,  as 

the  bacilli  can  gradually  become  accustomed  to  develop  in  media  which 

are  unsuitable  for  them. 

It  has  been  proved  by  Birch-Hirschfeld  and  others  that  anthrax  bacilli 
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caa  be  tr&»sinilt«i]  from  the  nkother  to  the  fcetus  tn  utero.  The  bacilli,  Els  it 
were,  grow  into  the  foetal  placenta,  aided  by  changes  iu  the  walls  of  the  ves- 
sels, in  the  tissues  surrounding  the  vessels,  and  iu  the  epithelium  of  the  villi. 
The  healthy  placenta  does  not  normally  permit  the  passage  into  and  through 
it  of  micro-orgatiisDis  or  othe^  formed  elements,  and  the  filler  only  becomes 
pervious  when  atfected  by  pathogenic  bacteria  which  have  gained  access  to 
the  placenta. 

fltaining  of  Anthrax  BacillL— The  anthrax  bacillus  can  be  rapidly  stained 
by  aqueous  solutions  of  the  aniline  dyes,  and  also  by  Gram's  method.  The 
spores  are  best  stained  at  a  high  temperature  by  means  of  Ehrlich's  aniline- 
water-fuchain  solution  or  Ziehl's  solution  containing  carbolic  acid.  Instead 
of  Ehrlich's  fuchsin  solution,  a  correspondingly  made  solution  of  gentian 
violet  can  be  employed  for  staining  the  spores.  After  decoloration  of  the  ( 
substance  of  the  bacilli  the  spores  are  stained  with  Bismarck  brown. 

The  Coone  of  Anthrax  in  Animals.— Anthras  in  domestic  animals  mi^  ~ 
take  one  of  three  courses:  1,  The  apoplectiform  anthrax  (anthrax  actitia- 
simus),  which  lasts  from  a  few  minut«s  to  several  hours ;  2,  the  acute  an- 
thrax (anthrax  acutus).  lasting  from  a  few  hours  tu  several  days ;  and, 
3.  the  subacute  form  of  anthrax  (anthrax  subacutus).  of  longer  duration. 
Tliere  is  no  period  of  incubation,  or  it  may  occupy  three  to  five  days.  In 
the  more  common  apoplectiform  variety  of  anthrax  (cattle,  sheep)  the  animals 
which  previously  liad  apparently  been  in  perfect  health  fall  down  as  though 
struck  with  a  blow,  and  die  often  in  a  few  minutes  with  convulsions,  cyanosis, 
and  dyspnixa.  According  to  Bollinger,  acute  anthrax  in  cattle  and  horses 
begins  with  loss  of  appetite  and  a  chill,  followed  by  a  remittent  or  inter- 
mittent high  fever  (41°  C. — 105.8°  F. — and  higherj ;  there  ore  almost  always 
spasms,  particularly  clonic  spasms  of  the  extremities.  These  symptoms  come 
ou  iu  the  form  of  paroxysms.  The  subacute  form  of  anthrax,  the  anthrax 
carbuncle,  is  characterised  by  carhunculous  and  erysipelatous  swelling  oc- 
curring in  different  places  in  the  skin,  particularly  in  the  region  of  the  hind 
feet,  while  there  is  only  a  slight  constitutional  disturbance.  The  carbuncle 
begitm  to  bo  absorbed  frequently  after  the  lapse  of  a  few  days,  and  an  eschar 
and  ulceration  develop  only  exceplioaally.  In  about  sixty  to  seventy  per 
cent,  of  the  subacute  cases  (in  cattle  and  horses,  for  example!  death  follows 
witli  dyspniea  and  convulsions. 


Anthrax  in  Man. — Anthrax  occurs  in  man  mainly  by  transmiseioD 
of  the  anthrax  bacilli  or  tbeir  spores  from  a  dieeaeefl  animal,  and  hence 
those  persons  are  particularly  liable  to  the  disease  who  in  their  occupa- 
tion come  in  contact  with  infected  animals  or  parts  of  animals.  Sueh 
persons  are  sliepherds,  farmers,  butehers,  veterinary  surgeons,  workers 
in  leather  (furriers,  and  those  who  handle  skins),  and  people  who  are 
employed  in  the  preparation  of  horse-hair,  wool,  and  paper. 

The  80-called  mg-mrUrrei'  fUgeune,  whicli  runs  a  rapidly  fatal  course, 
presenting  the  appearance  of  pneumonia  with  typhoid  or  septic  symp- 
toms, and  attacks  people  who  sort  and  tear  rags  in  the  manufacture  of 
paper,  is  occa^ioually  primary  anthrax  of  the  lungs  caused  by  inhaling 
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anthrax  spores.  Kraunhals  states  that  the  disease  is  also  caused  bj  tlM 
bacillus  of  malignant  oedema.  There  is  a  great  variety  of  micro- 
organisms in  rags.  O.  Roth  describes  three  kinds  of  pathogenic  badlK; 
Bacillus  I  is  like  the  Bacterium  colij  Bacillus  II  like  the  Proieushmi' 
nis^  and  Bacillus  III  like  Hauser's  Proteus  vulgaris  (see  page  373). 

Enderlen^s  experiments  in  the  Pathological  Institute  at  Himieh 
show  that  breathing  in  the  spores  of  anthrax  is  much  more  daDgeroo8 
than  their  ingestion  in  food.  All  "  inhalation  animals "  perished  of 
anthrax,  while  of  the  animals  infected  through  food  some  remaioed 
alive.  Anthrax  is  also  caused  in  man  by  eating  the  flesh,  milk,  or  but- 
ter obtained  from  animals  affected  with  this  disease.  It  may  also  be 
transmitted  by  insects  (flies)  which  come  in  contact  with  animals  having 
anthrax,  and  the  poison  may  be  comnmnicated  from  man  to  man— for 
example,  at  an  autopsy.  The  disease  starts  either  by  inoculation  of  the 
bacilli  or  of  their  spores  into  the  skin  (it  may  be  a  very  small  interrup- 
tion of  continuity),  or  by  inhalation  of  the  poison,  or  by  its  introduction 
with  the  food  into  the  alimentary  canal.  The  cases  of  so-called  intes- 
tinal mycosis  recorded  by  E.  Wagner  and  others  are  really  cases  of 
true  anthrax  disease.  In  general  man  is  only  slightly  disposed  towards 
anthrax.  Marchand  observed  anthrax  in  a  pregnant  woman  with  fatal 
infection  of  the  child.  Lingard,  experimenting  with  pregnant  rabbits, 
caused  an  infection  of  the  foetus,  and  found  that  in  some  cases  tbe 
foetus  alone  became  diseased,  in  others  the  mother  also.  Sections 
through  tlie  placenta  plainly  showed  the  passage  of  the  anthrax  bacilli 
from  the  foetal  to  the  maternal  blood-vessels.  Birch-Hirschfeld's  re- 
cent observations,  which  were  mentioned  before,  are  very  interesting, 
proving,  as  they  do,  the  transmission  of  the  anthrax  bacilli  from  the 
maternal  into  the  foetal  circulation.  If  an  abundant  development  of 
anthrax  bacilli  takes  place  in  the  placenta,  the  bacteria  actually  grow 
into  and  through  the  fojtal  portion  of  the  placenta  in  a  manner  simitar 
to  that  in  which,  after  inhalation  of  anthrax  spores,  the  bacilli  enter 
the  pulmonary  vessels,  as  was  demonstrated  by  Buchner's  experiments. 

The  course  which  anthrax  takes  in  man  varies  according  to  whether 
the  infection  takes  place  externally  or  internally.  "When  infection  o^ 
curs  through  the  skin  there  is  an  incubation  period  of  three  to  six 
days,  and  then  at  the  point  of  entrance  there  develops  a  burning  or 
itching  red  nodule  witli  a  reddish  or  bluish  bleb,  which  soon  breiki 
and  dries  up,  forming  a  scab.  The  skin  in  the  neighbourhood  of  the 
scab  then  usually  becomes  swollen,  and  sometimes  more  blebs  form. 
The  primary  nodule  at  the  point  of  infection  varies  from  the  size  of  J 
pea  to  that  of  a  nut.  Ordinarily  the  induration  and  oedeuiatous  swell 
ing  extend  very  rapidly  in  all  directions  from  the  primary  nodule,  an 


the  adjoining  lympliatlc  glands  tiecoine  enlarged.  After  tlie  local 
eyinptoms  Lave  continued  some  forty-eight  to  sixty  houre  the  constitu- 
tional umnifeBtations  of  the  diseaso  l>egin  (high  fever,  great  weakness, 
delirium,  diarrhcea,  severe  vagne  pains,  etc.).  If  there  is  a  fatal  tenui- 
nation,  death  occurs  very  often  with  symptoms  of  collapse,  generally 
after  the  disease  has  lasted  five  to  eight  days.  If  there  is  a  favourable 
termination  the  scab  is  sometimes  cast  off  by  a  process  of  suppuration. 
In  other  cases  there  is  observed  a  diffuse,  erysijielatous  form  of  car- 
buncle (Virchow,  Bollinger) — for  example,  after  infection  by  afly-bite, 
and  also  when  the  infei-tion  has  taken  place  internally.  The  course 
of  anthrax  when  the  infection  has  taken  place  from  the  intestine  is 
characterised  by  the  suddenness  of  the  onset  and  its  rapid  progress, 
with  vomiting,  diarrhcea,  cyanosis,  and  subsequent  collapse.  When 
the  infection  takes  place  through  the  lungs,  as  in  the  above-mentioned 
rag-florters'  disease,  there  is  observed  a  pneumonia,  with  typhoid  or 
eeptic  eymptoiuB,  and  for  the  most  part  a  rapidly  fatal  course.  The 
autopsy  in  man  reveals  essentially  the  same  changes  ae  in  animals. 
There  are  immense  nunil>ers  of  anthrax  bacilli  in  the  blood-vessels, 
and  particularly  in  the  capillaries  (Fig.  327|. 

The  Ciagnosia  of  Anthrax,  when  infection  hasou^urretl  through  the  skin, 
is  made  chiefly  from  the  characteristi-c  apiiearauce  of  the  malignant  pustule, 
and  from  the  putient'n  stutemeuts  concerning  his  occupation,  ihe  origin  of 
the  pustule,  etc.  If  necessary,  the  diagnosis  can  hp  cleared  up  by  micro- 
scopical examination  of  the  carbuncle.  For  malting-  the  iliagnosis  when  the 
infection  takes  place  from  within,  we  must  refer  the  reader  to  the  t^xt-books 
ou  internal  medicine. 

Propuwi&— The  prognosis  of  anthrax  in  man.  when  infection  takes  place 
extemftlly,  depends  mainly  upon  whether  energetic  surgical  treatment  is 
undertaken  early  enough.  Lengyel  and  Koranyi.  by  adopting  suitable  local 
trestment.  lost  only  llurteen  out  of  one  hundred  and  forty-two  cases  of 
anthrax.  Patients  with  anthrax  resulting  from  internal  infection  (intestinal, 
palmonaryi  very  rai-ely  recover. 

The  Treatment  of  Anthrax. — In  the  treatment  of  anthrax  in  man 
the  fact  that  the  disease  remains  local  a  longer  time  than  in  animals  is 
of  tlie  greatest  importance.  If  the  patient  comes  under  observation 
early  enough,  it  is  our  duty  to  destroy  the  point  of  infection  as  rapidly 
and  thoroughly  as  possible — for  instance,  by  extirpation,  by  making 
AD  escliar  with  the  Paquelin,  by  cauterisation  with  nitric  acid,  etc. 
According  to  Koch,  bichloride  of  mercury  is  the  most  effective  j>oison 
for  anthrax  Itacilti,  Iteing  capable  of  killing  them  wheu  used  as  dilute 
u  1  part  to  300,000  of  water.  Consequently  it  is  an  excellent  plan  to 
ase  in  and  around  the  point  of  infection  injections  of  one  tenth  jier 
cent,  bichloride,  or  two  to  five  per  cent,  carbolic  acid  (Raimbert  and 
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others),  or  dilute  tincture  of  iodine  (one  to  two  of  water,  DavaineJL 
Russian  surgeons  in  particular  have  obtained  very  good  results  from 
the  free  use  of  carbolic  acid  both  subcutaneously  and  internally.  Ai 
much  as  half  a  gramme  of  carbolic  is  given  internally  daring  the  daj, 
and  a  considerable  quantity  is  injected  into  the  pustule.  In  suitable 
cases,  which  come  under  treatment  at  an  early  stage,  with  anthrax  in- 
fection located  in  an  extremity,  the  latter  can  be  tied  off  by  an  elaatie 
tourniquet  (Nissen).  The  diet  should  be  strengthening  and  alcohol  ii 
given  in  large  doses.  The  future  must  decide  whether  it  is  poaaible 
in  man,  as  in  animals,  to  prevent  anthrax  or  to  cure  it,  by  the  inoc- 
ulation of  other  kinds  of  bacteria  (see  page  391).  Emmerich  has  pre- 
pared a  germ-free  serum  from  the  blood  of  sheep  infected  with  eij- 
sipelas  streptococci  and  used  it  in  human  anthrax*  The  reports  thus 
far  published  in  literature  are  too  few  to  allow  of  a  correct  judgment 
of  the  value  of  this  curative  serum. 

Symptomatio  Anthrax.  —Symptomatic  anthrax  (charboji  symptomatique 
of  the  French)  is  a  disease  similar  to  anthrax,  affecting  cattle,  which  occun 
endemically  and  mostly  during  the  warm  months  of  the  year  in  many  re- 
gions, notably  the  Bavarian  Alps,  Baden,  Schleswig-Holstein.  etc.,  and  bai 
long  been  confused  with  anthrax.  Symptomatic  anthrax  has  not  hitherto 
been  known  to  occur  in  man.  The  disease  has  been  studied  by  Bollinger, 
Kitasato,  and  others.    It  is  characterised  by  the  formation  of  irregularlj 

outlined,  emphysematous,  crackling 
%       •  ♦       swellings  of  the  skin  and  muscular 

^Vii\  ^  •  ^       tissue,  particularly  on  the  thigh,  and 

*  •^    *^  -         by  a  peculiar  reddish-black  discolor 

ation  of  the  diseased  muscles.   In  the 

bloody  serous  fluid  at  the  focus  of  the 

-^  ^  ^         •  disease  there  is  found  a  characteristic 

•  ^1^         J  ^    ^  bacillus,  which  Kitasato  was  the  M 

\»  to  obtain  in  pure  cultures  upon  i 

solid  nutritive  medium.    By  inoco- 
lating  animals  with  this  bacillus  Kiti- 
' ^  jt^  '  •        sato  excited  typical  symptomatic  an- 

^  ^  #  ^^  ^  thrax. 

Fio.    828.  —  Bacilli    of  symptomatic  anthrax.  The  bocillua  of  symptomatic  an- 

Spore-bearing  rods  fnnn  a  culture  in  agar.      thrax  (Fig.  328)  is  a  rather  large,slini, 
Cover-K'lass  preparation,  Ktamed  with  fuch-  ^.      i  .  ,  ,.  i 

sin.    X  1000  <  Frunkel  and  PteitJer ).  actively  movmg  rod    With  plainly 

rounded  ends,  generally  occurring 
singly,  occasionally  in  pairs,  but  never  in  long  filaments.  It  is  strictly  anaero- 
bic, and  when  brought  in  contact  with  the  oxygen  of  the  air  soon  perishei 
It  grows  at  ordinary  temperatures  above  IH**  C,  but  best  in  the  incubator. 
The  spores  form  large,  strongly  refracting  bodies,  rather  long,  and  are  placri 
eccentrically  at  the  eiul  of  the  rod  (Fig.  328).  When  the  spores  become  f«« 
the  rest  of  the  bacillus  speedily  dies.  The  spores,  which  have  great  powers 
of  resistance,  do  not  form  in  living  animals,  but  do  so  in  dead  bodies  and  in 
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cultures.  It  is  worth  noting  that  the  older  cells,  or  those  which 
vn  in  media  unsuitable  for  them,  have  a  tendency  to  develop  invo- 
^n^  which  sometimes  take  the  shape  of  large, 
lindle-like  segments  enlarged  in  the  centre,  aud 
a  granular  cloudiness  aiid  an  irregular  coutour. 
latine  to  which  has  been  added  grupe  sugar  or 
ir  reducing  substauce  there  develop  witliin  a  few 
■rical  masses,  which  rapidly  liquefy  the  nutritive 
Pig.  329).  In  stab  cultures,  made  in  a.  large  amount 
e,  a  cloudy,  grey  liquefaction  takes  place  in  the 
■Ij  placed  parts,  with  the  evolution  of  gas  having 
eristic  acid  odour.  Agar,  at  tlie  temperature  of 
jtor,  becomes  filled  with  bubbles  of  gas  even  after 
of  twenty-four  hours.  In  bouillon,  white  Hakes 
,  the  bottom  of  the  vessel,  accompanied  hy  the  for- 
gas.  When  cultivated  at  a  temperature  of  42"  to 
virulence  of  the  bacilli  is  rapidly  caused  to  disap- 
e  spores,  particularly  when  subjected  to  high  tem- 
iose  their  virulence ;  but  if  placed  in  a  twenty-per- 
ion  of  lactic  acid  and  then  injected  into  susceptible 
Axey  can  be  made  to  regain  their  virulence,  and 
in  an  increased  amount.  By  inoculating  suacep- 
lals  with  pure  cultures  the  animals  quickly  die  of 
itic  anthrax  with  the  above-described  symptoms. 
,ural  conditions  the  disease  occurs,  in  the  majority 
from  infection  of  small  wounds,  particularly  of 
lities,  less  often  from  infection  through  the  lungs 
oe.  The  poison  18  conveyed  especially  by  the 
the  bacilli  quickly  perish  when  exposed  to  the  air. 
ibie  in  various  ways  to  obtain  immunity  from 
(tic  anthrax,  and  for  this  purpose  "  vaccination " 
ble  "  vaccine  "  is  very  worthy  of  recommendation, 
acilli  of  symptomatic  anthrax  are  stained  in  the 
way.  The  .little  rods,  when  subjected  to  Gram's 
ise  their  stain  again.  The  spores  cannot  be  stained 
IS  solutions  of  the  aniline  dyes,  but  readily  take         el  and  I'ltiifer;. 

Oluiden  or  Farcy  (MaileuB). — Glanders  is  an  infectious  dis- 
to  bacilli,  primarily  occurring,  by  preference,  in  horses  and 
]  is  transmissible  to  man  and  all  domestic  animals,  nitli  the 
;ception  of  cattle.  The  disease  is  characterised  by  the  pres- 
pecnliar  small  and  large  nodules,  particularly  in  the  mucous 
le  of  the  respiratory  tract,  and  in  the  skin,  with  secondary 
c  Dodnles  in  the  internal  organs  (spleen,  liver,  kidneys,  testicle, 

T  and  Scbutz  demonstrated  four  years  ago  the  jtresence  of  the 
istic  bacilli  in  the  glanders  nodules  sad  made  pui'e  culturea 
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of  tlie  bacilli  upon  artificial  nutritive  media,  and  produced  tjpia 
glanders  by  inocnlating  variouB  animals  with  these  cultures,  Jemt 
Kitt,  and  Weichselbaum  have  also  found  the  same  bacilli  in  glanden 
and  have  succesaf  ully  inoculated  other  animals  with  them,  so  that  thep 
can  he  no  doubt  that  these  bacilli  are  the  cause  of  the  diseaee. 

Olaadert  BaoillL— The  glanders  bacilli  (Fi^.  33V>  are  slim  rods  moAt 
to  tubercle  bacilli,  buttnure  regular  as  regards  tlieir  size,  and  somewhat  briwlt 
tlian  tbe  latter.  They  possess  no  inherent  power  of  motion.  The  bacilli,  lik 
moHt  of  the  pathogenic  bacteria,  are  facultative  anaerobic,  and  can  be  cnlti 
vated  in  the  necessary  nutritive  medium  at  temperatures  ranging  between  fi 
and  40°  C.,  and  in  the  presence  of  oxygen.  Upon  potatoes  tliereformg,  at  Ih 
ordinary  incubator  temperature,  in  tbe  course  of  about  two  days,  a  yeltovisl 
honey-like  layer,  which  afterwards  gradually  becomes  darker,  varying  froi 
brownish  to  dark  red.  Upon  agar  the  colonies  form  a  whitish  shining  laye: 
and  upon  blood  serum,  which  does  not  become  liquefied,  a  clear,  tranipam 
covering  in  tlie  form  of  drops,  which  later  coalesce.  The  formation  of  spon 
by  the  glanders  bacillus  has  not  yet  been  demonstrated,  but  is  condd^c 
probable  by  Loffler.  Baumgarten,  and  Rosenthal.  Prolonged  cuttivttio 
upon  artiflcial  nutritive  media  causes  tbe  glanders  bacillus  soon  to  loeei' 
virulence.  By  inoculation  of  pure  cultures  of  glanders  bacilli  upon  susct] 
ttble  animals  (horse,  ass,  goat,  cat.  Held  mouse,  house  mouse,  guiuea-pig)  ti 
typical  form  of  glanders  is  produced,  the  glanders  bacilli  being  mainly  fonn 


Fio.  3S0.— BurilluB  of  Klunden.      Pure  oul-  Pio.   331,— Glandcn  bacilli.     Smeir  of  p 

tares  iiiioii  j-lvoeriiie-ainir :  teajeil  Bpi'cL-  from  a  ciiinoa-pig  tlial  had  died  of  glu 

men  Blamed  with  carliolic  f^ichsiii,     ■  IW  don.     The  four  crowed  bapilliwithinil 

(Fraukel  iind  Pfeiffcrf,  group  of  leucopvlw  are  p«rticul«rlytlw 

octeristie.      ■  650  (Heiin). 

in  the  centre  of  the  si>ecific  glanders  nodules.  Less  susceptibility  to  glaodei 
is  evinced  by  hogs,  sheep,  rabbits,  and  dogs,  witli  the e.xception  of  youngdog 
which  according  to  Fliigge  are  very  susceptible  to  tbe  disease.  Cattle,  boas 
mice,  while  mice,  and  rats,  are  entirely  unsusceptible.  Field  mice  die  infrw 
three  to  four  days  afler  an  artificial  subcutaneous  infection  with  glander 
guinea-pigs  only  in  the  ciiurse  of  sevei-al  weeks.  Leo  states  that  white  mi 
l(>.se  their  natunii  inniiunily  Riid  become  susceptible  to  glanders  if  they  > 
niadp  artificially  dialictic  l.y  feeding  them  with  phlorizin.  The  richer  1 
blood  of  a  particular  animal  in  oxygen,  the  less  able  is  the  glanders  pMS 
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to  develop  (Sanarelli).  By  continuous  transmission  of  glanders  bacilli  from 
one  animal  to  another  it  is  possible  to  cause  a  remarkable  increase  in  their 
Tiraience  (Gamaleia).  Babes  obtained  the  chemical  product  of  metabolism 
of  the  glanders  bacilli  through  precipitation  from  filtered  cultures  in  horse- 
flesh bouillon,  by  equal  parts  of  ether  and  alcohol.  This  substance,  called 
^mallein"  or  "morvin/'  does  not  cause 
€cal  lesions,  but  produces  symptoms  of 
ntoxication  (fever,  convulsions,  nephritis, 
Darasmus,  death).  Babes  cured  a  horse 
hat  had  glanders  with  injections  of  mor- 
in,  and  he  also  used  protective  inocula- 
ioDs  with  success. 

The  bacilli  exist  in  the  specific  new 
issue  formations  partly  singly  and  partly 
n  in^gular  collections  or  bunches  of  sev- 

ral  parallel  rods.     The  glanders  prepara- 

:^„   ^ *u^«  4.1,^   «i«^^««c   u««;ii;    «««      Fio.  332.— Potato  culture  of  the  glandere 

ions,  or  rather  the  glanders  bacilli,  are  bacillu**  at  37'  C;  four  days  old. 

tained  with  concentrated  alkaline  solu- 

ions  of  methyl  blue.  They  are  then  treated  with  greatly  diluted  acetic  acid, 
rashed  in  alcohol,  and  embedded  in  oil  of  cedar.  Glanders  bacilli  cannot 
«  stained  by  Gram's  method.  Among  the  recent  methods  of  staining  the 
ollowing  are  particularly  good:  Weigert's  aniline  method,  Unna's  dry 
nethod,  and  the  method  of  R  Kiihne  (sections  placed  for  six  to  eight  hours 
n  carbolised  methylene  blue,  then  decolorise<l  in  acetic  acid,  and  again  in 
listilled  water,  dried  upon  the  slide,  clarified  with  xylol  and  embedded  in 
[)anada  balsam). 

Noniewicz  recommends  the  following  combination  of  Loffler's  and  Unna's 
Gaining  methods :  1.  Place  the  section  taken  from  alcohol  in  Loffler  s  solu- 
tion of  methylene  blue  for  from  two  to  five  minutes.  2.  Wash  in  distilled 
'nitep,  and  stain  for  from  two  to  five  seconds  in  seventy-five  parts  of  one- 
balf-per-cent  acetid  acid  and  twenty-five  parts  of  one-half-per-cent  tropa^olin. 
I  Wash  in  distilled  water.  4.  Dry  upon  the  slide,  apply  a  drop  of  xylol,  and 
examine  in  xylol  and  Canada  balsam. 

According  to  Noniewicz,  glanders  is  caused  partly  by  bacilli  and  partly 
ijy  a  coccus  form.  The  round  bodies  are  found  particularly  in  subacute  and 
ihponic  glanders. 

Glanders  infection,  under  natural  conditions,  generally  occurs  through 
lome  small  injury  of  the  skin  or  mucous  membranes,  and  by  inhalation. 
W)es  has  produced  glanders  in  guinea-pigs  by  rubbing  very  virulent  glan- 
lere bacilli  into  the  sound  skin;  whence  it  follows  that  glanders  bacilli  are 
Jsoable  to  penetrate  into  the  hair  follicles  of  the  uninjured  skin. 

fflAnden  in  AniinallU — Glanders  occurs  in  horses  and  other  animals  in 
leform  of  small  or  large  nodules,  or  as  a  diffuse  infiltration.  The  glanders 
odules  appear  especially  upon  the  mucous  membrane  of  the  respiratory 
wi  and  upon  the  skin.  The  nodules  occurring  in  the  mucous  membrane 
the  respiratory  tract,  especially  that  of  the  nose,  the  larynx,  and  trachea, 
rr  between  the  size  of  a  grain  of  sand  and  a  pea.  At  the  outset  they  have 
Teyish-white  or  greyish-yellow  colour,  and  appear  singly  or  in  groups 
I  are  surrounded  by  a  red  areola.     From  a  suppurative  breaking  down, 
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often  within  a  few  days,  there  result  proportionately  large  ulcers,  which 
usually  enlarge  rapidly  by  necrosis  of  tlie  Burrounding  parts,  ext«ndin( 
also  deeply  into  the  subjacent  tissues.  In  the  lungs  the  glanders  nodula 
are  similar  to  tubercular  nodules,  appearing  partly  as  lobular  foci  of  iainm- 
mation  and  partly  as  interstitial  nodules.  The  pulmonary  glanders  nodula 
occur,  according  to  Bollinger  and  others,  partly  from  direct  aspiration  o( 
the  glanders  poison  and  partly  as  a  result  of  embolism.  In  addition  to 
the  circumscribed  glanders  nodules  there  are  also  found  in  the  lungs  diffose 
infiltrations. 

Upon  the  skin  therS  occur,  in  the  cutaneous  form  of  glanders,  soudl 
(miliary)  or  large  nodules,  accompanied  by  a  rapid  suppurative  brettkiiig 
down,  and  the  formation  of  ulcers  which  quickly  extend  and  also  lead  to 
inflammation  of  the  lymphatic  vessels  and  glands  Cutaneous  glanders  in 
rare  cases  may  also  occur,  by  an  embolic  process,  secondarily  to  primarj 
glanders  of  the  respiratory  mucous  membrane.  As  was  mentioned  before, 
secondary  glanders  may  also  be  found  in  the  spleen  and  liver  and  in  ibt 
bones,  less  often  in  the  kidneys  and  testes,  as  a  result  of  embolism. 

The  course  of  glanders  may  be  acute  or  chronic,  in  the  former  teriDiiiib- 
ing  in  death  in  six  to  twelve  days  •  the  latter,  the  more  common  form,  mv 
last  for  years. 

Olanden  in  Kan. — Tlie  transtniBsion  of  glanders  to  man  does  not 
take  place  very  freqiientiy.  Individuals — such  ae  bntehere,  hostJeTi, 
cavalry  soldiers,  veterinary  surgeons,  etc. — who  come  in  contact  with 
animals,  especially  horses,  which  ban 
glanders,  are  particularly  apt  to  coo- 
tract  the  disease.  In  man  the  dieetw 
takes  the  form  of  glanders  of  the  ton* 
junctiva,  less  often  of  the  nasal  mn- 
C0U8  membrane,  and  particnlariy  f)sa- 
ders  of  the  skin,  originating  in  Eoma 
insignificant  injury,  especially  about 
the  face  and  on  the  hands.  In  min 
also,  as  in  animals,  glanders  may  rm 
an  acute  or  chronic  course,  and  then 
may  develop  the  aboTe-described  glui- 
ders  nodules  and  nlcerations  at  tb* 
point  of  infection,  and  secondary  noJ- 
ules  in  the  internal  organs  as  a  result  of  embolism.  Acnte  glanden 
runs  a  course  marked  by  severe  typhoid,  septic  manifestations,  mi 
soinetimeB  it  may  resemble  acnte  articular  rheumatism.  The  diseaB 
not  infrequently  begins  with  a  general  feeling  of  malaise,  and  pwosin 
all  the  limbs,  in  the  joints  and  in  tlie  back.  In  conjunction  with  * 
high  fever  there  develojj  at  the  point  of  infection  typical  glanden 
nodes  which  break  down  and  ulcerate.     Upon  the  skin  pustular  erap- 


Flo.  335. — Acute  (rlniiiUrs  clirht  days  old 
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twM  appear,  which  change  into  phagedsenic  ulcers,  having  a  dirty, 
lardaceous  base.  Birch-Hirschfeld  saw  pemphigus-like  blebs  upon  the 
ddn  of  the  nose  and  cheeks,  with  rapid  destruction  of  the  greater  part 
of  the  skin  of  the  face  (Fig.  333).  In  cutaneous  glanders  there  are  also 
not  infrequently  observed  diflEuse  erj'sipelatous  inflammations,  and  par- 
ticalarly  lymphangitis  and  phlegmonous  infiltrations  of  the  subcuta- 
neous cellular  tissue,  terminating  in  suppuration  or  ulcerative  destruc- 
tive processes.  The  secondary  foci  of  glanders,  particularly  those  in  the 
internal  organs,  bear  in  acute  glanders  a  close  resemblance  in  every 
respect  to  pyaemic  foci  of  pus,  in  chronic  glanders  to  cheesy  formations. 
The  above-described  aflEection  of  the  nose  so  characteristic  of  glan- 
ders in  the  horse,  is  not  so  frequently  observed  in  man,  and  occasion- 
ally it  first  makes  its  appearance  rather  late  in  the  disease.  Acute 
glanders  is  accompanied  by  high  fever,  and  runs  a  regularly  fatal 
coarse  within  days  or  weeks,  in  consequence  of  the  increasing  systemic 
infection,  with  the  formation  of  secondary  nodes  or  abscesses  in  the 
internal  organs  as  well  as  in  the  muscles  and  subcutaneous  cellular  tis- 
ene.  Chronic  glanders  in  man  has  hitherto  been  less  accurately  ob- 
eerved.  Konig  gives  its  average  duration  as  four  months.  It  runs 
a  course  essentially  analogous  to  the  above-described  chronic  glanders 
in  the  horse.  Birch-Hirschfeld  calls  attention  to  the  resemblance  of 
chronic  glanders  to  syphilitic  and  tubercular  disease.  According  to 
lonig,  the  mortality  of  chronic  glanders  is  about  fifty  per  cent. 

IMagnodfl  of  Olandera — The  diagnosis  of  glanders  in  primary  infection 
of  the  skin  and  nasal  mucous  membrane  is  usually  not  difficult,  in  conse- 
quence of  the  characteristic  behaviour  of  the  glanders  nodes  taken  in  con- 
junction with  the  occupation  of  the  patient.  Internal  glanders  of  the  larj^nx, 
trachea,  and  lungs  may  often  be  first  recognised  when  secondary  affections 
of  the  skin  occur,  or  when  the  characteristic  glanders  bacilli  are  denion- 
Btrated  in  the  sputum.  The  demonstration  of  the  bacilli  in  every  case  is, 
of  course,  of  the  greatest  diagnostic  importance.  A  good  method  for  quickly 
diagnosing  glanders  consists  in  mixing  the  suspected  secretion  with  water 
and  then  injecting  it  intraperitoneal! y  into  male  guinea-pigs.  If  it  is  really 
glanders,  after  the  lapse  of  two  to  three  days  there  occurs  a  swelling  of  tlie 
inticles  which  increases  during  the  next  few  days.  Suppuration  occurs  witliin 
the  tunica  vaginalis  and  spreads  to  the  testicles;  the  pus  contains  glanders 
fcacilli.  Levy  and  Steinmetz  recommend  making  the  injection  in  the  median 
line  of  the  abdomen  above  the  bladder,  in  order  to  prevent  injury  to  the 
Kminal  vesicles,  which  in  case  of  infection  might  give  rise  to  secondary 
inflammation  of  the  testicle.  It  is  particularly  important  in  glandei's,  both 
'or  the  patient  and  those  about  him,  to  make  an  early  diagnosis  of  the  dis- 
me  and  to  employ  energetic  treatment. 

Treatment  of  Olanders. — The  treatment  of  glanders  can  only  be  suc- 
Sfiful  when  the  point  of  infection  can  be  destroyed  at  a  very  early 
28 


402  INFLAMMATION  AND  INJUBIB& 

period  by  snrgical  means— either  bj  extirpation,  by  the  Paqnelin  or 
galvano-eantery,  or  by  strong  cauBtics  (nitric  acid,  chloride  of  zinc\  etc. 
The  remainder  of  the  treatment  is  symptomatic,  and  consists  mainly  in 
an  energetic  local  treatment  of  the  glanders  focos  by  indsion.  Inunc- 
tions of  mercurial  ointment  (two  to  three  grammes  a  day)  have  been 
repeatedly  used  with  success.  Iodine  and  arsenic  have  been  recom- 
mended internally.  Babes  has  obtained  cures  in  animals  by  nsing 
his  mallein  (page  399),  and  lias  employed  protective  inoculations 
with  success. 

§  79.  7oot4uid-Mouth  Disease  {Aphthm  Episootiem).— The  foot-and- 
mouth  disease  is,  according  to  Bollinger,  an  acute  infections  disease 
which  is  transmitted  exclusively  by  infection  from  one  animal  to  an- 
other. This  disease,  which  is  observed  particularly  in  cattie,  sheep, 
swine,  and  goats,  less  often  in  horses  and  dogs,  is  characterised  by 
moderate  febrile  constitutional  symptoms,  and  by  tiie  formation  of 
blebs  and  ulcers  upon  the  mucous  membrane  of  the  mouth  (stomatitis 
aphthosa),  in  the  clefts  of  the  hoofs,  and  on  the  udder.  For  the  poison 
to  enter  the  body,  an  injury,  according  to  Bollinger,  is  not  necessary ; 
it  clings  to  the  uninjured  epithelial  layer  of  the  cavity  of  the  mouth  or 
enters  the  system  through  the  lungs,  and  probably  also  with  the  food. 
The  disease  is  very  contagious.  The  course  of  foot-and-mouth  disease 
is,  as  a  rule,  favourable,  its  duration,  according  to  Bollinger,  being 
usually  twelve  to  fourteen  days,  rarely  less.  It  generally  terminates 
in  recovery,  and  only  young  and  cachectic  old  animals  occasionally 
succumb  to  the  disease  if  surrounded  by  unfavourable  conditions. 

The  cause  of  the  disease  is,  according  to  Stutzer  and  Hartleb,  a  pleomor- 
phous  micro-organism  wliich  is  very  pathogenic  for  mice  and  rabbits.  It 
appeal's  sometimes  as  an  oval  rod  of  variable  length  ;  under  s}>ecial  condi- 
tions co(H'i,  diplococci,  and  streptococci  ai'e  formed,  which  are  always  embed- 
ded ill  a  mucous  envelope.  Yeast-like  bodies  are  sometimes  present,  or  the 
bacterium  changes  into  a  streptothrix,  and  this  into  a  thread.  These  meta- 
morphoses can  \ye  studied  by  using  culture  media  of  different  composition. 
The  above  intei'esting  observations  made  by  Stutzer  and  Ilartleb  need  further 
confirmation. 

Foot-and-mouth  disease  can  be  transmitted  to  man,  hut  the  predis- 
position of  the  latter  to  the  disease  is  only  slight. 

Occurrence  of  the  Foot-and-Mouth  Disease  in  Man. — The  transmission 
of  the  disease  to  man  occurs,  according  to  Bollinger,  most  frequently 
by  drinking  the  uncooked  milk  of  diseased  cows  (Ilertwig,  Jacob),  or 
by  infection  of  a  wound,  particularly  on  the  hands  of  butchers,  or  as  a 
result  of  milking  cows  with  a  vesicular  eruption  on  their  udders,  or  by 
contact  with  the  saliva  of  animals  having  the  disease. 
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The  iymptoms  of  the  disease  in  man — for  example,  after  infection 

through  milk — consist  in  an  ulcerative  stomatitis,  a  catarrhal  gastro- 

eDteritis,  accompanied  by  fever,  and  frequently  in  a  vesicular  eruption 

upon  the  hands,  the  face,  and  other  portions  of  the  body.     If   the 

poison  is  transferred  through  a  wound — ^for  instance,  in  slaughtering 

or  milking  an  infected  animal — the  hand  and  forearm  become  swollen, 

Tedcles  form,  and  the  patients  complain  at  the  same  time  of  pain  in 

the  mouth  and  dysphagia ;  and  later  vesicles  or  pustules  make  their 

appearance  on  other  portions  of  the  skin,  particularly  on  the  face.    The 

disease  lasts  five  to  eight  days ;  and  only  when  the  ulcers  in  the  mouth 

and  on  the  hands  take  on  a  virulent  character  and  heal  slowly  does  the 

affection  continue  for  two  to  four  weeks.     Secondary  phlegmonous- 

snpparative  inflammations  occasionally  make  their  appearance. 

In  a  great  majority  of  the  cases  the  disease  terminates  in  recovery, 
aod  only  rarely,  particularly  in  weak  infants,  causes  death. 

iMttment. — The  treatment  is  essentially  dietetic.  Care  should  be 
taken  to  use  only  healthy  milk.  If  the  stomatitis  is  intense,  it  is  an 
excellent  plan  to  swab  the  mouth  out  repeatedly  with  a  borax  solution, 
and  to  employ  mild  cauterisation  of  the  erosions  and  ulcers  with  silver 
nitrate  in  the  form  of  a  stick.  The  vesicular  eruptions  on  the  skin 
shoald  be  treated  with  ungt.  lithargyr.  Hebrae,*  vaseline,  boro-glycerine 
ointment,  and  particularly  by  dusting  them  with  bismuth,  iodoform, 
or  oxide  of  zinc  with  starch  (one  to  five  to  ten). 

§  80.  Hydrophobia  {Lyssa^  rabies). — Hydrophobia  is  an  acute  infec- 
tions disease  which  occurs  chiefly  in  the  dog  and  related  species  of  animals 
—wolf,  fox,  jackal,  hyena.  It  consists  essentially  in  a  disease  of  the 
central  nervous  system,  and  is  characterised  by  a  long  and  extremely 
variable  period  of  incubation. 

Etiology  of  Kabiea. — Babies  originates  in  a  manner  similar  to  syphi- 
lia— that  is,  by  direct  transference  of  the  poison  from  the  bearer  to  the 
receiver.  The  poison  only  takes  root  when  inoculated  into  an  injury 
of  the  skin  or  mucous  membranes. 
•  Babies  is  almost  always  transmitted  through  the  bite  of  a  rabid  ani- 
mal, by  which  the  poison  is  directly  inoculated  into  the  wound.  The 
experiments  of  Boux  and  Nocard  show  that  infection  may  even  re- 
5nlt  from  a  dog  which  at  the  time  when  he  bites  or  licks  an  individ- 
lal  is  entirely  healthy,  but  later  becomes  mad.  According  to  Novi, 
be  poison  of  rabies  may  also  be  transferred  to  animals  by  midges 
nd  flies.  Decomposition  does  not  seem  to  destroy  its  virulence  very 
)on.     In  dead  animals  decomposing  in  the  air,  the  virulence,  accord- 
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ing  to  Travali  and  Brancaleone,  could  not  be  found  after  twenly-OQo 
days.  In  buried  animals,  the  nervous  centres  were,  iu  some  instancea^ 
found  virulent  even  after  the  lapse  of  forty-eight  days ;  in  other  ca^es 
every  trace  of  virulence  had  disappeared  thirty -eight  days  after  bnriaL 
The  poison  of  rabies  is  destroyed  by  the  digestive  fluids.  Zagari  states 
that  the  virus  of  rabies  loses  its  virulence  very  quickly  when  in  con- 
tact with  oxygen  or  air,  as  it  also  does  in  a  dry  medium  and  when 
the  temperature  is  somewhat  elevated  ;  but  in  a  space  devoid  of  air,  in 
carbonic  acid,  in  a  damp  medium,  and  at  low  temperatures,  it  remains 
active  for  a  long  time.  The  poison  of  rabies,  according  to  Pasteur,  is 
always  present  in  the  fresh  saliva,  the  blood,  the  spinal  cord,  and  in 
the  brain,  salivary  and  lachrymal  glands,  the  pancreas,  and  perhaps  the 
mammae  of  animals  affected  with  hydrophobia.  Bombicci  has  also  found 
that  the  suprarenal  capsules  are  always  virulent.  Di  Vestea,  Zagari, 
and  Schaffer  have  shown  that  the  rabies  poison  is  spread  thronghoot 
the  body  by  the  nerves,  in  addition  to  the  blood  and  lymphatic  vesseh, 
and  this  nervous  distribution  of  the  poison  is  the  essential  factor  in  cans- 
ing  the  diffuse  myelitis  of  the  central  nervous  system.  The  views  upoa 
the  microbe  of  rabies  are  still  divided.  Gibier,  Brigidi,  and  Bianchi 
think  that  a  micrococcus  is  the  cause  of  hydrophobia,  while  Pastenr 
has  found  a  characteristic  bacillus  of  which  he  attempted  to  make  pure 
cultures,  and  which  for  a  long  time  he  considered  to  be  the  exciting 
cause  of  hydrophobia.  Bruschettini  has  recently  isolated  a  specific 
bacillus.  When  injected  under  the  dura  of  rabbits,  the  animals  died 
in  about  seventeen  days  after  symptoms  of  paralysis  had  appeared. 
As  yet  the  micro-organism  of  rabies  is  not  known  with  certainty. 

Inociilation  Experimenta. — Raynaud,  Lannelonguef  Pasteur,  and  others 
have  transferred  the  disease  to  rabbits,  by  inoculating  them  with  the  saliva 
of  persons  affected  with  rabies.  Pasteur  obtained  from  the  blood  of  these 
rabbits  a  micro-organism  which  he  cultivated  in  veal  broth  ;  it  was  a  bacillua 
somewhat  contracted  in  the  centre,  and  surrounded  by  a  gelatinous  sub- 
stance. Pasteur  at  first  believed,  as  we  have  said,  that  he  had  found  in  thii 
bacillus  the  excitant  of  rabies ;  but  he  then  produced  the  same  disease  bj in- 
oculating healthy  human  saliva,  and  he  found  the  same  micro-orgauisms  in 
the  inoculated  rabbits.  Vulpian  and  Frankel  obtained  the  same  results  by 
inoculating  rabbits  with  normal  saliva.  Brigidi  and  Bianchi  found  in  the 
saliva,  and  particularly  in  tlie  blood  of  three  individuals  with  rabies,  befow 
and  after  death,  mici'ococci  occurring  singly  or  in  pairs  (diplococci).  Only 
one  of  the  attempts  at  inoculation  in  a  rabbit  was  successful.  Making  use  of 
Pasteur's  method,  brain  substance  was  used  for  inoculation  in  this  case,  A 
portion  of  the  brain  substance  taken  from  a  child  which  had  just  diedof 
rabies  was  placed  in  a  wound  in  a  rabbit's  brain  which  had  been  erpoeed 
through  a  small  opening  in  the  skull  and  dura.  The  wound  healed  without 
reaction  ;  the  rabies  began  after  the  lapse  of  thirty-two  days,  and  in  two  days 
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the  animal  was  dead.  The  autopsy  revealed  complete  cicatrisation  at  the 
point  of  operation,  intact  meninges,  intact  brain  and  spinal  cord,  and  no 
nppuratiou.  In  the  brain,  spinal  cord,  and  blood  numerous  micrococci  were 
foand.  An  attempt  at  inoculation  with  the  brain  matter  of  this  animal 
fsve  no  results. 

Contrary  to  the  views  hitherto  held  upon  the  subject,  L.  Gibier  has  suc- 
cessfully inoculated  birds  (chickens)  with  hydrophobia,  and  from  these  he 
again  transmitted  the  disease  to  rats  by  inoculation,  which  then  died  with  the 
characteristic  symptoms  of  rabies.  Sometimes  the  inoculated  birds  withstood 
the  disease.  Microscopical  examination  of  the  brain  of  the  diseased  animals 
always  revealed  the  presence  of  the  above-described  micrococcus  of  Gibier. 

Transmission  of  rabies  from  the  maternal  animal  to  the  foetus  in  utero 
basbeen  observed  by  Perroncito  and  Carita  in  rabbits  and  guinea-pigs. 

Strengthening  and  Attenuation  of  the  Babies  Poison  aecording  to  Pasteur. 

^It  is  well  known  that  Pasteur  has  artificially  strengthened  and  weakened 
the  rirulence  of  the  poison  of  hydrophobia.  By  continued  transference  of 
the  poison  in  rabbits  Pasteur  obtained  a  very  pure  rabies  poison  which  is 
eoDstant  in  its  effects.  The  fresh  spinal  cord  and  the  medullary  portion  of 
the  brain  of  such  animals  contain  the  strongest  virus.  If  portions  of  the 
spinal  cord  and  brain  are  dried,  the  virulence  gradually  diminishes  propor- 
tionately to  the  length  of  time  that  the  drying  is  continued.  Pasteur  has 
l>een  able,  by  means  of  systematic  inoculations  with  rabies  poison  of  increas- 
ing virulence,  to  make  dogs  immune  from  the  bite  of  mad  dogs  and  from  the 
sitificially  transferred  rabies  poison  in  its  most  potent  form.  In  conjunction 
with  these  experiments  on  animals,  Pasteur  undertook,  for  therapeutic  pur- 
poses, protective  inoculation  in  individuals  who  had  been  bitten  by  dogs  pre- 
sumably mad  (see  pages  408-410,  Treatment  of  Rabies).  According  to  Tizzoni 
indSchwarz,  the  immunising  substance,  as  in  tetanus  and  diphtheria,  is  only 
foand  in  the  blood  serum  of  the  inoculated  a^iimals  ;  it  behaves  like  globu- 
line.  and  probably  belongs  to  the  enzymes.  Tlierefore  they  recommend  that, 
ss  in  tetanus  and  diphtheria,  the  blood  serum  of  animals  which  have  been 
lendered  immune  from  rabies  by  inoculation  should  also  be  employed  in 
man  for  prophylactic  and  curative  purposes. 

Action  of  the  Kabies  Poison. — The  action  of  the  still  unknown  rabies 
poison  is  probably  similar  to  that  of  the  tetanus  bacillus.  We  saw  in 
the  chapter  on  Tetanus,  which  is  so  closely  related  to  rabies,  that  the 
Bumber  of  the  bacilli  in  the  system  capable  of  demonstration  is  very 
«DaIl,  and  that  the  tetanus  bacilli  are  destructive  not  by  their  num- 
bcFB  but  by  the  formation  of  the  poisonous  products  of  their  metab- 
oKsm  (toxines).     The  poison  of  rabies  acts  similarly  to  strychnine. 

KabiesilL  theDog.— The  symptomatology  of  rabies  in  the  dog  is  briefly  as 
follows  :  A  stage  of  incubation  precedes  the  disease,  and  lasts  generally  three 
to  five  weeks,  seldom  less  or  more.  The  longest  duration  of  the  incubation 
iage,  according  to  Bollinger,  is  eight  months.  During  the  incubation  the 
round  from  the  bite  usually  heals  very  rapidly,  without  any  particular  in- 
ammatory  manifestations.  In  dogs,  two  forms  of  rabies  are  distinguished : 
le  raging  madness,  or  rabies,  and  the  still  rabies.    The  symptoms  of  rabies 
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vary  in  other  respects,  according  to  the  race,  sex,  the  state  of  nutrition,  ete, 
of  the  animal.  The  raging  madness  usually  begins  with  a  stage  of  melan- 
cholia, which  is  characterised  by  great  irritability  of  the  animal,  a  pecaliar 
restlessness,  loss  of  appetite,  dysphagia,  and  nausea.  The  dog  shows  a  re- 
markable preference  for  all  sorts  of  indigestible  things,  such  as  hair,  earth, 
straw,  dung,  etc.  The  danger  for  man  is  the  greatest  during  this  stage,  and 
is  so  much  the  more  so  since  the  first  manifestations  are  often  very  insignifi- 
cant. The  iuitial  stage,  according  to  Bollinger,  lasts  one  half  to  two  to  three 
days;  then  follows  the  stage  of  real  madness — the  irritation  or  maniacil 
stage — lasting  three  to  four  days.  The  characteristic  manifestations  of  thii 
stage,  which  only  occur  in  paroxysms,  are  the  change  in  the  disposition,  the 
continued  loss  of  appetite,  a  peculiar  change  in  the  voice,  an  impulse  to  eacqie 
and  run  about,  disturbances  of  consciousness,  a  marked  passion  for  biting, 
and  a  rapidly  increasing  emaciation.  A  noticeable  aversion  to  water  is  lack- 
ing, according  to  Bollinger,  and  only  in  exceptional  instances  does  spasm 
occur  in  the  muscles  of  deglutition.  In  the  last  or  paralytic  stage  there  is  a 
constantly  increasing  weakness.  The  entire  picture  presented  by  the  bris- 
tling animal  is  frightful  to  look  at  The  voice  becomes  constantly  hoarser, 
the  dyspnoea  increases,  and  death  generally  occurs  on  the  third,  fifth,  or 
sixth  day,  occasionally  with  partial  or  general  convulsions.  The  termination, 
according  to  Bollinger,  is  always  fatal ;  recovery  has  not  yet  been  observed. 

The  quiet  or  melancholic  form  of  rabies,  which,  according  to  Bollinger, 
makes  up  about  fifteen  to  twenty  per  cent  of  the  total  number  of  casei 
of  madness,  runs  a  more  rapid  course,  as  there  is  no  maniacal  stage.  In 
the  first  stage  the  manifestations  are  the  same  as  in  the  wild  variety ;  then 
there  soon  follows  a  paralysis  of  the  lower  jaw,  the  mouth  remains  wide 
open,  the  voice  becomes  hoarse,  disturbances  of  consciousness,  rapid  ema- 
ciation, and  paralysis  of  the  hind  quarters  follow,  with  death  in  two  to 
three  days. 

The  results  of  the  autopsy  reveal  little  which  is  positive.  The  most  im- 
portant changes,  according  to  Bollinger,  are  a  dark,  thick  condition  of  the 
blood,  oKlema  of  the  brain,  more  or  less  pronounced  catarrhal  changes  in  all 
the  mucous  membranes,  particularly  in  the  respiratory  and  digestive  tracts 
frequently  combined  with  hyperaemia  and  ecchymoses,  hypersemia  and  cya- 
nosis of  the  parenchyma  of  various  organs,  and  a  high  grade  of  emaciation. 
In  the  stomach  and  intestine  there  are  usually  found,  instead  of  the  normal 
food  stuffs,  indigestible  foreign  bodies  of  various  kinds. 

Hydrophobia  in  Man. — In  man,  rabies  occurs  by  far  the  most  fre- 
quently as  the  result  of  the  bite  of  a  mad  dog  (ninety  per  cent),  ksB 
often  of  cats  (four  per  cent.),  wolves  (four  per  cent),  and  foxes  (two 
per  cent.),  and  it  always  terminates  fatally.  Children,  especially,  often 
fall  victims  to  the  disease.  According  to  the  French  statistics,  one  third 
to  one  fourth  of  all  the  eases  of  the  disease  occur  in  children  under 
fifteen  years  of  age  (Ollivier).  Tlie  question  as  to  how  many  of  tho« 
who  are  bitten  bv  mad  dogs  are  attacked  afterwards  by  the  disease, 
has  received  very  diverse  answers.  Bollinger  is  right  in  maintwninj 
that  the   percentage  of  those  attacked  by  the  disease  depends  upoi 
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wbether  one  only  takes  into  account  the  bites  of  really  mad  animals,  or 
also  of  those  which  are  supposed  to  be  mad ;  and  finally  upon  whether, 
lod  when,  energetic  prophylactic  treatment  of  the  wound  made  by  the 
kite  IB  adopted.  This  explains  the  discrepancies  in  the  records,  some 
of  which  state  that  a  half,  others  a  third,  or  even  not  more  than  five 
per  cent.,  of  those  who  are  bitten  become  affected  with  hydrophobia. 
The  cases  of  death  from  rabies  in  animals  and  in  man  have  diminished 
remarkably  in  states  such  as  Prussia,  where  there  are  stringent  laws 
fevied  against  all  dogs  found  running  about  loose,  or  those  thought  to 
IttTe  hydrophobia,  and  where  the  muzzling  of  dogs  is  compulsory ; 
indeed,  in  such  states,  as  Fliigge  has  stated,  rabies  in  man  has  as  good 
as  entirely  disappeared.  As  yet  no  undisputed  case  has  been  observed 
of  the  transmission  of  rabies  from  man  to  man. 

In  man,  also,  rabies  is  marked  by  a  stage  of  incubation,  generally 
of  eighteen  to  sixty  days,  and  occasionally  of  three  to  six  months.  An 
incubation  of  less  than  fourteen  days  is  rare,  and  only  in  exceptional 
instances  are  there  incubations  lasting  from  six  to  twelve  months. 
After  the  termination  of  the  incubation  period,  during  which  the  per- 
lon  who  has  been  bitten  feels  perfectly  well,  and  the  wound  has  healed, 
naoally  with  exceptional  rapidity,  the  rabies  begins  with  psychical  die- 
tnrbances  (a  melancholic  frame  of  mind,  excitability,  restlessness,  loss 
rf  sleep),  loss  of  appetite,  and  occasionally,  even  at  this  stage,  an 
antipathy  towards  liquids.  The  local  manifestations  at  the  point  of 
tbe  bite,  which  has  generally  healed,  are  not  constant ;  occasionally 
there  is  observed  an  inflammatory  swelling  of  the  cicatrix,  or  tlie 
patient  complains  of  pain,  burning  or  itching.  Fever  is  usually  not 
present.  The  prodromal  stage  lasts,  for  the  most  part,  about  twenty- 
four  hours,  rarely  longer.  The  first  symptom  of  true  hydrophobia  in 
man  is  a  spasm  of  the  pharynx  resulting  in  an  inability  to  swallow. 
There  now  occur,  in  the  form  of  paroxysms,  severe  respiratory  and 
pharyngeal  spasms  caused  by  any  kind  of  irritation,  and  especially  by 
flie  sight  of  liquids — hence  the  name  "  hydrophobia."  At  the  same 
time  there  are  observed  reflex  spasms,  for  the  most  part  general  clonic 
spasms,  less  often  tetanic.  There  is  also  a  characteristic  increased  reflex 
excitability  of  the  nerves  of  special  sense ;  the  patients  suffer  from  a 
perverted  sense  of  smell;  they  are  over-sensitive  to  any  noise,  any 
draught  of  air,  etc.  They  are  usually  afflicted  with  a  nameless  dread, 
wUch  does  not  allow  them  to  get  any  rest ;  the  salivary  secretion  is  in- 
creased ;  the  mind  remains,  in  the  intervals,  for  the  most  part  clear, 
bat  from  time  to  time  there  are  maniacal  seizures,  partly  as  a  result  of 
the  terrible  dread  and  the  oppression  in  the  chest  due  to  the  feeling 
of  suffocation,  and  partly  as  a  result  of  the  attempts  of  others  to  re- 
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strain  them.     The  pulse,  which  is  at  the  outset  full,  gradually  becomi 
weaker  and  more  frequent,  particularly  after  the  paroxysms,  when  i 
reaches  120  to  160   or   more.     The  temperature  is  generally   on! 
slightly  elevated— 38^  to  38.5^  C.  (100.4°  to  101.3^  F.)— seldom  react 
ing  40°  C.  (104°  F.)  or  more.     After  the  above-described  manifesto- 
tions  of  the  second  stage  have  lasted  for  one  to  two  to  three  days,  there 
occurs,  with  an  abatement  of  the  spasms  and  the  diflSculty  in  hreatinng 
and  swallowing,  a  general  exhaustion ;  death  then  follows  within  the 
next  few  hours,  with  convulsions,  or  quietly,  or  less  often  during  a 
recurrence  of  one  of  the  attacks  of  spasm.     The  consciousness  is  usa- 
ally  unclouded  up  to  the  last. 

The  duration  of  rabies  in  man  is,  in  the  majority  of  cases,  two  to 
four  days,  rarely  more  or  less ;  the  termination,  as  in  animals,  is  r^- 
larly  fatal. 

Besnlt  of  Autopsy.— The  results  of  the  autopsy  in  man  are  similar  to  irhat 
we  have  briefly  described  for  rabies  in  animals — that  is,  the  autopsy  showi 
practically  no  characteristic  changes.  Schaifer  called  attention  to  an  acatd 
diffuse  myelitis  of  the  central  nervous  system  in  both  the  grey  and  the  white 
matter,  with  marked  degeneration  of  the  nerve  fibres  and  ganglia.  Popoff 
often  found  in  the  nerve  fibres  of  the  central  nervous  system  a  very  hi|^ 
grade  of  hypertrophy  of  the  axis  cylinder  and  an  atrophic  condition  of  the 
nerve  cells,  with  conspicuous  pigmentation.  Popoff  saw  these  changei 
chiefly  in  the  motor  centres.  At  all  events,  there  is  a  pronounced  parenchym- 
atous myelitis,  which  affects  principally  the  nuclei  of  the  motor  ner?«l 
(Charcot,  Leyden,  Erb). 

Diagnosis. — In  the  diagnosis  of  rabies  in  man,  the  pharyngeal  and  re^ 
atory  spasms,  the  increased  reflex  excitability,  and  the  paroxysmal  nature  of 
the  manifestations  of  the  disease  are  characteristic.  Rabies  can  only  be  oos- 
fused  with  tetanus  of  the  head,  the  so-called  tetanus  hydrophobicus^  whidi 
occurs  in  conjunction  with  wounds  in  the  region  supplied  by  the  cranill 
nerves  (§  73),  as  in  this  also  there  are  pharyngeal  spasms.  In  such  cases  the 
patient's  statements  may  point  to  the  correct  diagnosis.  Tetanus,  f<MP  the 
most  part,  occurs  between  the  third  to  the  eighth  to  the  tenth  day  after  the 
injury,  and  hydropliobia  in  the  fourth  to  the  seventh  week  after  the  receptktt 
of  a  bite  from  a  rabid  animal. 

Prc^oaia— The  prognosis  of  rabies  in  man  is  regularly  fatal.  No  certain 
cases  of  recovery  from  true  liydrophobia  have  been  observed. 

Treatment  of  Eabies  in  Man.— Prophylaxis  is  of  the  first  importance 
in  the  treatment.  Strictly  enforced  police  laws  against  allowing  dop 
to  run  about  loose  without  their  masters,  also  a  high  dog-tax,  and  laws 
compelling  the  use  of  muzzles,  are  of  the  greatest  importance  in  leaB- 
ening  the  occurrence  and  the  spread  of  hydrophobia.  As  we  men- 
tioned before,  it  has  been  posf=;ihle  in  this  way  to  very  materially  dimin- 
ish the  frequency  of  the  disease. 
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If  a  person  is  bitten  by  a  mad  dog,  or  by  one  supposed  to  be  mad, 
he  poison  at  the  point  of  infection — that  is,  in  the  wound — must  be 
destroyed  as  soon  and  aa  energetically  as  possible  by  careful  disinfec- 
tion with  a  one-fifth-per-cent.  solution  of  bichloride  of  mercury  or  a 
five-per-cent.  solution  of  carbolic  acid,  followed  by  energetic  cauterisa- 
tion with  the  red-hot  iron,  the  Paquelin,  or  with  chemical  caustics 
(caastic  potash,  sulphuric  and  nitric  acids).  It  is  also  a  very  good 
plan  to  immediately  suck  out  the  fresh  wound.  Excision  of  the 
wound  or  cicatrix,  with  subsequent  cauterisation,  may  be  efficacious, 
even  though  done  several  days  or  weeks  after  the  injury  was  received. 

Paiteur's  Protective  Xnooulation.— It  is  well  knowTi  that  Pasteur  has 
undertaken  protective  inoculations  upon  people  who  have  been  bitten 
h  mad  dogs,  after  he  had  made  the  discovery,  as  stated  above,  that 
dogs  become  gradually  unsusceptible  to  hydrophobia  when  inoculated 
with  rabies  poison  the  virulence  of  which  is  gradually  increased.  Bor- 
Joni-Uffreduzzi  has  successfully  practised  Pasteur's  preventive  inocula- 
tion on  dogs  and  on  one  horse.  Tizzoni  and  Schwarz  recommend  the 
naeof  blood  serum  taken  from  animals  (rabbits,  dogs)  rendered  arti- 
ficially immune,  for  prophylactic  and  curative  purposes  in  man,  since 
the  immunising  or  curative  substance  is,  as  in  tetanus,  chiefly  found  in 
the  blood  serum. 

Teehnique  of  Pasteur's  Protective  Inociilation.— Pasteur  s  manner  of  per- 
forming protective  inoculation  is  as  follows  :  A  suitable  amount  of  the  dried 
^nalcord  of  an  animal  which  has  had  rabies  is  pulverised  with  sterilised 
DMtniments,  and  to  it  is  added  sterilised  veal  bouillon.  Lymph  is  thus 
obtained  of  varying  virulence,  according  to  the  relative  amounts  of  the  con- 
ititaents  and  the  length  of  time  that  the  cord  lias  been  dried.  The  material 
for  iDoculation  is  now  injected  with  a  hypodermic  needle  beneath  the  skin 
tf  the  abdomen  a  little  below  the  ribs,  three  fourths  of  a  cubic  cenliinetre 
being  used  for  full-grown  men  and  a  little  less  for  women,  and  half  a  cubic 
Bentimetre  for  children.  Pasteur  usually  begins  with  a  spinal  cord  which 
has  been  dried  for  fourteen  days,  then  on  the  following  day  an  injection  is 
made  of  one  dried  for  thirteen  days,  etc.,  until  for  the  tenth  inoculation  a 
ipinal  cord  is  employed  which  has  only  been  dried  five  days ;  the  patients 
we  then  discharged.  Sometimes,  especially  in  bad  cases — for  example,  in 
Bossians  bitten  by  mad  wolves — according  to  Uffelmann's  re^wrt,  iiiocula- 
tiotts  are  made  two  to  three  times  a  day  with  rabies  poison  of  increasing 
rinilence.  In  this  manner  Pasteur  has  inoculatetl  a  great  number  of  peoplr 
fho  had  presumably  been  bitten  by  mad  dogs ;  of  these  people  some  died  of 
ibiesa  short  time  after  the  treatment,  and  others  later,  and  it  is  not  impos- 
Ible  that  death  from  hydrophobia  may  have  occurred  in  some  of  the  cases 
1  consequence  of  the  inoculation.  But  in  a  number  of  cases  the  protective 
loculation  has  given  the  wished -for  result.  At  all  events,  Pasteur's  experi- 
ents  are  of  the  greatest  scientific  interest :  but  we  must  acknowledge,  with 
och  and  Fliigge,  that  Pasteur  s  protective  inoculation  for  man  has  been 
29 


UNE  LIBRARY. S^KWaW^"^ 


410  INFLAMMATION  AND  INJURIES. 

used,  for  practical  purposes,  much  toe  soon.  A  more  thorough  scientif 
investigation  of  the  method  should  have  been  made  before  it  was  put  t 
practical  use.  The  protective  inoculation  should  be  employed  with  grej 
caution,  for  there  is  the  danger  that  persons  who  would  perhaps  hav 
remained  well  without  inoculation  might  acquire  hydrophobia  in  cooac 
quence  of  the  inoculation,  and  die. 

Bordoni-Uffreduzzi  has  likewise  employed  Pasteur^s  method  of  treatment 
with  the  best  success,  and  in  his  statistics  during  the  years  1886-*88  he  re- 
ports :  Two  hundred  and  forty-one  persons  were  bitten  by  animals  which 
were  experimentally  proved  to  have  rabies ;  in  the  case  of  two  hundred  and 
forty-five  more,  treated  by  Pasteur's  method,  the  hydrophobia  of  the  animals 
which  bit  them  was  rendered  certain  by  physicians'  certificates  or  by  clinical 
observation;  in  forty-five  persons  the  diagnosis  of  rabies  was  doubtful. 
Only  six  of  the  first  group  died ;  of  the  second,  four ;  of  the  third,  none; and 
consequently  the  mortality  of  the  whole  list  was  1.88  per  cent 

When  the  disease  hfis  once  broken  out,  usually  no  treatment  is 
of  avail.  We  are  then  forced  to  limit  ourselves  to  easing  the  great 
Buflferings  of  the  patient  by  syinptomatic  treatment.  First  of  all, 
and  as  soon  as  possible,  large  doses  of  curare  should  be  injected  sab- 
cutaneously. 

Pensoldt,  in  one  ease  occurring  in  an  eleven-year-old  boy,  employed 
without  success  very  large  doses  of  curare,  injecting  on  an  average 
0.01  to  0.02  gramme  every  half  hour,  and  in  the  course  of  one  to  two 
and  a  half  hours  the  full  fatal  amount  of  curare  was  administered. 
Curare  is  very  valuable  in  all  cases  as  a  symptomatic  remedy  for 
modifying  the  pharyngeal  and  respiratory  spasms,  but  it  does  not  jwa- 
sess  an  actual  curative  effect  upon  the  disease.  Remedies  like  chloral 
and  chloroform  are  indispensable.  For  the  severe  convulsive  and 
maniacal  seizures  of  the  patient  the  continuous  administration  of  chlo- 
roform by  inhalation  is  probably  the  best  treatment. 

Recently  various  remedies  have  been  recommended  for  rabies.  For 
example,  Kartschewskji  speaks  well  of  the  internal  use  of  cantharidea 
powder  (0.06  gramme  jr?'o  die)  for  a  week,  and  at  the  same  time  tiie 
application  of  emplastrum  cantharidura  to  the  wound  made  by  tiie 
bite.  According  to  the  experiments  of  De  Blasi  and  Russo  TraviB, 
the  poison  of  rabies  has  little  power  of  resistance  against  the  ordinary 
antiseptics  and  caustics,  and  they  recommend  creolin  and  lemon-jnioe. 
The  latter,  as  is  well  known,  has  a  great  reputation  as  a  populai 
remedv. 

§  81.  Poisoning  by  Insects,  Snakes,  Etc. — From  the  bites  of  certain 
insects  and  snakes,  poisoning,  sometimes  mild  and  sometimes  severe 
may  result,  the  nature  of  which  we  do  not  as  yet  fully  understand 
Among  the  injuries  caused  by  the  stings  of  insects  belong  the  bites  o 
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goAte,  fleas,  bngs,  etc.,  after  which,  as  a  result  of  the  introduction  of 
wme  irritating  substance,  there  ensue  local  inflammatory  manifesta- 
&m  in  the  form  of  redness  and  wheals,  with  itching  and  burning. 
Severer  inflammation  follows  the  wound  inflicted  by  the  sting  which  is 
litaated  in  the  posterior  end  of  the  bodies  of  bees  and  wasps.     Their 
.  rting  involves  a  decided  poisoning  of  the  wound,  which  occasionally 
presents  itself  as  a  very  extensive,  painful  inflammation,  with  redness 
and  swelling,  and  not  rarely  there  may  even  be  alarming  constitutional 
symptoms.     Many  individuals  are  exceedingly  susceptible  to  the  stings 
of  bees  and  wasps.     The  local  inflammatory  manifestations  usually  sub- 
side very  soon.     The  constitutional  symptoms  which  now  and  then 
occur — for  instance,  after  the  direct  injury  of  a  small  cutaneous  vein 
or  a  lymphatic  vessel — consist  sometimes  in  a  peculiar  state  of  collapse ; 
the  skin  is  cool,  and  covered  with  a  clammy  sweat,  the  pulse  is  small 
and  rapid,  and  occasionally  a  condition  of  coma  is  observed.     These 
threatening  constitutional  symptoms  last  usually  only  a  few  hours,  but 
the  patients  generally  feel  noticeably  feeble  for  several  days.     There 
are  also  many  examples  known  of  men  and  animals  dying  in  a  short 
time  after  being  attacked  by  a  swarm  of  bees  or  wasps.     The  nature  of 
the  wasp  and  bee  poison  is  as  yet  unknown. 

I&jiirief  from  Tarantulas  and  Scorpions. — I  should  also  mention  in- 
juries produced  by  the  tarantulas  and  scorpions  of  southern  countries, 
with  the  subsequent  extensive  local  inflammations,  which  never  termi- 
nate fatally. 

The  treatment  of  the  above-mentioned  injuries,  particularly  the 
atiogs  of  bees,  wasps,  tarantulas,  and  scorpions,  is  best  carried  out  with 
ammonia  and  antiphlogistic  remedies.  As  Billroth  says,  bee-tenders 
employ  scorpion  oil  as  a  kind  of  antidote  for  bee  stings — that  is,  olive 
oil  in  which  some  scorpions  have  been  kept 

Injurief  from  Venomous  Snakes. — The  injuries  due  to  poisonous 
nakes  are  relatively  rare  in  our  zones  as  compared  with  the  tropics. 
The  nature  of  the  snake  poison  is  as  yet  unknown  to  us ;  it  is  probably 
t  poisonous  alkaloid  which  is  contained  in  the  secretion  of  the  poison 
glands.  In  Europe  there  are  ordinarily  found  only  three  kinds  of 
poisonous  snakes :  the  vipera  berus,  the  vipera  redii,  and  the  vipera 
aspis.  These  poisonous  snakes  have  two  hook-shaped  poison  teeth,  in 
which  the  excretory  ducts  of  small  glands  empty.  At  the  time  of  the 
Kte  the  glands  empty  their  poisonous  juices  into  the  wound,  ^y 
iiying  the  secretion  from  the  poison  glands  of  forty  asps,  Karlinski 
obtained  fifteen  grammes  of  a  white  amorphous  mass,  easily  soluble 
Q  water  and  alcohol,  a  twenty-per-cent.  aqueous  solution  of  which  cor- 
esponded  in  its  action  to  the  fresh  poison  coming  from  the  poison 
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glands  of  the  adder.  According  to  Phisalix,  Bertrand,  and  Calmett 
snake  poison  can  be  considerably  weakened  by  heating  it  to  70°-75®  ( 
and  by  certain  chemical  substances.  Various  snake  poisons,  including 
the  poison  of  the  cobra,  are  destroyed  by  permanganate  of  potash  am 
chlorine  compounds,  but  are  very  resistant  to  acids  and  most  of  tk 
common  antiseptics  (bichloride,  nitrate  of  silver).  Calmette  states  thai 
immunity  can  l>e  acquired  by  gradually  accustoming  the  body  to  the 
poison,  and  supplying  it  with  an  antitoxic  chemical  substance  (chloride 
of  gold,  hypochloride  of  sodium).  The  serum  of  immunized  animala 
is  antitoxic  to  snake  poisons  of  difEerent  origins.  According  to  Phi- 
salix, a  poisonous  and  an  immunizing  substance  are  found  in  vipen' 
blood  simultaneously. 

The  imuilfestatiot\8  after  the  bite  of  these  poisonous  snakes  consisl 
in  a  very  painful  local  inflammation,  in  coagulation  of  the  blood  in  the 
I)arts  immediately  adjoining  the  wound,  in  thrombosis  of  the  blood- 
vessels, not  infrecjuently  in  gangrene,  vomiting,  high  fever,  a  feelinj 
of  anxiety,  cramps,  great  weakness,  etc.  The  afEected  portion  of  the 
body  is  subsequently,  often  remarkably  devoid  of  sensation.  Occaeion* 
ally  death  occurs  in  a  relatively  short  time,  preceded  by  an  increasinj 
L  state  of  collapse.     The  autopsy  sometimes  shows  extensive  thromboeift 

•  and  at  other  times  the  latter  are  absent.     If  a  person  bitten  by  a  vipei 

redii  survives  the  first  two  days,  the  prognosis  is  in  general  favourable 
Out  of  179  cases  of  bites  by  the  viper  redii  only  5  ended  fatally, 
with  symptoms  of  asphyxia,  intestinal  hcemorrhage,  cerebral  comprefr 
sion,  pulmonary  oedema,  and  cardiac  weakness.  Death  occurred  in 
these  cases  in  4,'  18,  and  GO  hours  and  10  to  12  days. 

The  best  treatment  for  these  snake-bites  is  to  immediatelv  suck  the 
wound — a  procedure  entirely  free  from  danger — then  to  wash  out  the 
wound  with  bichloride  of  mercury,  carbolic  acid,  absolute  alcohol,  etc. 
and,  when  possible,  to  cauterise  the  wound  with  some  energetic  liqui^i 
caustic  or  with  the  hot  iron.  To  prevent  the  rapid  absorption  of  the 
poison,  it  is  a  very  good  i)lan  to  employ  the  popular  remedy  of  trinj 
off  the  injured  portion  of  the  body — an  extremity,  for  instance— «! 
soon  as  possible,  close  above  the  bite.  Energetic  antiphlogistic  me» 
ures  are  adopted  for  the  local  inflammation.  Finally,  the  internal  anc 
subcutaneous  administration  of  liquor  anmionii  fortior  has  l)een  recom 
mended,  a  hypo<lermic  syringe  full  (one  part  liq.  amnion,  fort,  witl 
one  to  two  to  three  jnirts  water)  being  used  as  a  subcutaneous  injec 
tion ;  internally  ten  to  twelve  drops  of  the  same  mixture  should  li 
given  many  times  each  day.  Karlinski  praises  the  injection  of  or 
per  cent,  chromic  acid  and  of  chlorine  water  (Lenz)  into  the  woui 
made  by  the  bite  and  the  surrounding  parts.     Large  doses  of  aleoh 
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(whiskey)  and  energetic  active  motion  of  the  muscles  are  in  great  re- 
pute among  the  laity. 

The  most  dangerous  poisonous  serpents  are  the  American  rattle- 
make  and  the  cobra  species  of  Asia  and  Africa.     After  injuries  in- 
flicted by  the  bite  of  these  snakes  there  ensue  extremely  severe  local 
inflammations  which  terminate  in  gangrene.     The  constitutional  mani- 
festations are  like  those  in  hydrocyanic-acid  poisoning,  consisting  in  a 
feeliog  of  dread,  oppression  of  the  chest,  cyanosis,  delirium,  convul- 
liong,  and  stupor.     Death  follows,  occasionally  in  a  few  hours,  with 
qrmptoms  of  collapse  ;  in  fact,  death  not  infrequently  occurs  before  any 
local  symptoms  make  their  appearance.     It  is  of  practical  importance 
to  note  that  the  poison  may  even  have  a  fatal  effect  when  in  a  dried 
condition  or  in  an  alcoholic   preparation.     According  to  Cohnheim, 
death  from  a  poisonous  snake-bite  is  in  all  probability  caused  essen- 
tially by  the  disintegration  of  the  red  blood-corpuscles. 

The  treatment  is  in  general  like  that  for  the  bite  of  a  vipera  berus. 
Richards  and  De  Lacerda,  basing  their  opinion  upon  experiments  with 
the  poison  of  the  cobra,  recommend  the  subcutaneous  injection  of  a 
five-per-cent.  aqueous  solution  of  permanganate  of  potassium  (eight 
to  twelve  grammes  of  the  solution).  Immediately  after  the  reception 
of  the  bite  a  ligature  should  be  placed  on  the  proximal  side  of  the 
womid,  the  ligature  not  being  removed  until  several  minutes  after  mak- 
ing the  injection.  In  one  case  potassium  permanganate  was  injected 
with  success  twenty-five  minutes  after  the  reception  of  the  bite.  The 
length  of  time  within  which  a  subcutaneous  injection  of  potassium 
permanganate  is  attended  with  success  becomes  proportionately  pro- 
longed when  a  ligature  is  applied  above  the  poisoned  wound.  If  the 
poison  has  already  caused  constitutional  symptoms,  Richards's  obser- 
vations show  that  the  injection  of  permanganate  of  potassium  has  no 
effect. 

§  82.  The  Poifloning  of  Wounds  by  Indian  Arrow  Poison. — This  is 
perhaps  the  best  place  briefly  to  consider  the  wound  infections  pro- 
duced, for  instance,  by  the  poisoned  points  of  arrows  used  by  the  Indians. 
According  to  W.  T.  Parker,  the  arrow-points  of  the  American  Indians 
we  poisoned  with  a  devilish  cunning,  and  the  process  is  frequently 
kept  secret.     Vegetable  poisons,  especially  curare  or  urari,  or  decom- 
posing putrid  substances  (decomposing  meat  and  blood,  for  instance,  of 
dead  enemies,  decomposing  liver,  etc.),  or  snake  poisons,  made,  for  ex- 
ample, from  the  crushed  heads  of  serpents,  are  employed.     There  is 
ifao  a  partiality  for  using  the  liver  of  an  ox,  which  is  pierced  with 
irrows  and  allowed  to  decompose  in  the  sun ;  crushed  ants  are  also 
dded  to  the  mixture.     The  symptoms  of  poisoning  differ  according 
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to  whether  a  vegetable  poison  like  curare,  or  putrid  substances,  or  ao/- 
mal  poisons  like  those  of  snakes,  or  mixed  poisons  are  employed.  Tbe 
action  of  curare,  the  real  arrow  poison  of  the  Indians,  is,  as  is  wefl 
known,  to  paralyse  voluntary  muscles,  except  those  of  the  heart  and 
respiration.  The  cardiac  and  respiratory  activity  only  succumb  after 
poisoning  with  very  large  doses  of  curare.  The  American  Indian* 
still  commonly  use  the  arrow,  in  addition  to  firearms,  for  war  and  the 
chase.  The  point  of  the  war  arrow,  according  to  W.  T.  Parker,  k 
short  and  broad,  and  so  formed  as  to  enter  easily  between  the  ribs  of  a 
man.  The Jiunting  arrow  is  the  weapon  to  be  most  feared.  The  In- 
dians can  shoot  this  about  one  hundred  mStres,  and  with  as  great 
accuracy  as  the  best  modern  rifle.  The  arrow  penetrates  the  tmm 
with  great  force,  and  can  perforate  the  stoufest  bones.  Gutters  are 
made  in  the  shaft  to  permit  the  blood  to  escape  from  the  wound.  The 
point  of  the  arrow  is  fastened  to  the  shaft  in  such  a  manner  that  whai 
it  becomes  wet,  and  consequently  when  it  is  in  a  wound,  or  when  at- 
tempts are  made  at  extraction,  it  easily  becomes  loosened  and  remains 
in  the  wound.  The  arrow-points  are  made  of  iron,  pebbles,  bonea, 
glass,  wood,  etc.  The  Indians  are  greatly  skilled  in  removing  the  points 
of  arrows  from  wounds  in  which  they  have  stuck.  A  counter  opening 
is  often  made  through  which,  after  cutting  off  the  shaft,  the  arrow- 
point  is  withdrawn. 

Appendix. 

Chronic  mycoses :  Tuberculosis  (scrofula),  syphilis,  leprosy,  actinomycosis. 

§  83.  Tuberculosis. — Of  the  chronic  infectious  diseases  of  bacterial 
origin  which  are  of  importance  for  the  surgeon,  tuberculosis  is  very 
prominent.  By  tuberculosis  (from  tuberculum,  a  nodule)  we  under- 
stand an  infectious  disease  due  to  a  rod-shaped  micro-organism,  the 
Bacillus  tuherculosus  (Koch),  and  characterised  anatomically  by  tbe 
formation  of  nodules,  the  so-called  tubercles.  On  the  24th  of  Mardi, 
1882,  Eobert  Koch  announced  to  the  Physiological  Society  of  Berlin 
that  he  had  found  the  cause  of  tuberculosis,  and  that  the  disease  was 
alone  produced  by  a  single  specific  bacillus  which  he  had  made  grow 
in  pure  cultures.  The  sensation  created  by  Koch's  discovery  was  ex- 
ceedingly great,  and  his  classical  experiments  in  tuberculosis  wiH 
always  excite  tlie  profoundest  admiration. 

We  shall  here  discuss  mainly  surgical  tuberculosis — ^that  is,  the 
tuljerculosis  coming  within  the  jurisdiction  of  surgical'  therapy,  and 
particularly  the  very  common  tul)erculosis  of  the  skin,  mucous  mem- 
branes, lymphatic  glands,  sheaths  of  tendons,  bones  and  joints,  etc.   In 
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rer  part  of  the  bcM^y  the  tubercle  bacilli  develop  and  multiply, 
tv&ya  give  rise  to  the  formation  of  characteristic  tul)ercle8— that 
ellolar  nodulee  devoid  of  vessels,  which,  after  the  lapse  of  a  defi- 
Dgth  of  time  and  in  a  certain  Btage  in  their  development,  die, 
'  by  a  process  of  cheesy  degeneration. 

gia  and  Stnictnre  of  die  Tnberolea. — These  tnberclee  (Fig.  334) 
-te,  according  to  the  very  careful  investigations  of  Bannigarten, 
.  and  others,  in  the  following  manner :  In  consequence  of  the 
I  of  the  bacilli  in  any  particular  tissue,  there  occurs,  in  the  first 
i  proliferation  of  the  fixed  tissQO  cells,  which  begins  with  the 
i  of  caryomitosis  tnd  leads  to  the  formation  of  protoplasmic, 
iai-like  or  epithelioid  cells.  The  tubercles  are  consequently 
made  up  essendally  of 
of  epithelioid  cells  which  T 

lin  the  connective-tissue  •f'»?»i'*i^ffiSS?***»V**«  *•'*"•■"•* 
of  the  original  tissne,  J**W?!^^'%\'***/'»V.*'"'Vj 
has  been  partly  absorbed  *,  '"**•,  .'*I  •/.*/.*     ■"-*-*-*- 

irtly  pushed  aside— the       *  *   \  *  *'.^  I J  ^'/i*  • 
d  reticulum  of  the  tu- 

Some  epithelioid  cells 
ne  nucleus,  others  two, 
still  others  are  polynu- 
so-called  giant  cells- 
there  are  often  found  a 
eat  number  of  large  ova]         ---.;,».     . 

The  giant  cells  prob-         .W/.V'/j'C  •' 
iginate  not  by  the  fusion  i 

jral  epithelioid   cells    but  Fio    334-Tiiberpulo«»  of  lymjih  nlonds:    7-.  lu- 

r           _  brn-tc  with  gmiiC  cells  in  tin-  vratn,  and  1iirt;e 

proliferation  of  the  nu-  cellud  tiiwu«  bemtua  tbe  oei-Brulo  tulmivlui; 

*^     ,      ,          „       T           ■.  *-^.  chcouy  lubtrclo;  L,  ^bsuc  of  the  Ivniph 

a  Smgle   cell,      in   spite  gland,  sWinwl  with  httniuloxj-Uu.     X  200. 

vigorous  growth  of  the 

Esue  cells  (conneetive-tiseue  cells ;  cells  of  the  walls  of  the  ves- 

'ithelium)  no  new  formation  of  capillaries  takes  place  within  the 

i.    After  the  proliferation  of  tlie  original  tissue  cells  there  occur, 

or  later,  inflammatory  changes  in  the  vessels  of  the  diseased 
which  lead  to  an  emigration  of  the  colourless  blood-corpuscles, 

the  periphery  and  then  later  in  the  centre  of  the  nodules. 
dules,  which  are  at  the  outset  made  up  of  large  cells,  thus  come 
lade  up  more  and  more  of  small  round  cells.  If  the  emigration 
jcytes  occurs  at  a  very  early  stage  and  masks  the  growth  of  the 
ells,  it  is  possible  for  the  nodules  to  appear  to  be  mwde  up  of 
ills  from  the  very  l)eginning      When  the  grey  transparent  nod- 
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tiles,  wliich  are  about  tlie  size  of  millet  seeds,  liave  reached  the  etotge  oi 
the  Biiiall -celled  tubercles  they  are  no  longer  capable  of  further  devel- 
opment,  and  there  now  occurs  a  retrograde  metamorphosis.  The  cells 
either  undergo  fatty  or  cheesy  degeneration  from  lack  of  blood  supply 
or  from  obliteration  of  the  surroanding  vessels  by  thrombosig  and 
endothelial  proliferation,  or  they  break  up  into  boraogeneoas  maseei 
as  in  coagulation  necrosis.  Frequently  the  tubercnhir  foci  become  pw- 
nieated  with  lime  salts,  and  finally  form  mortar-like  concretions.  Tbe 
typical  death  of  the  tnbercle  is  by  caseation  or  cheesy  degeneration 
(Fig.  334  V.  T.).    The  cause  of  these  tubercles — that  is,  the  caase  of 
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tuberculosis — is  the  above- mentioned  rod-shaped  bacillus  discoyeted 
by  R.  Koch  (B'in7/u/i  tvhercukmis^  Fig.  255,  page  261). 

Tubercle  Bacilli. — The  characteristic  bacilli  present  in  the  nodslM 
are  found  either  in  the  interior  of  the  cells — for  instance,  within  d» 
giant  cells  (Fig.  336)— or  between  the  cells  ;  also  in  the  blood  of  thote 
suffering  from  general  tuberculosis,  in  the  spntam  of  those  with  tIlbe^ 
culoeis  of  the  respiratory  tract,  in  the  urine  in  genito-nrinary  tubertm- 
losis,  in  pus,  etc.  To  Koch  alone  is  due  the  great  credit  of  baring 
proved,  by  inoculations  with  pure  cultures  of  his  bacillus,  that  tbft 
bacilli  present  in  tuberculosis  are  the  sole  cause  of  the  disease. 

Bobert  Koch'B  Tubercle  Bacilli— The  tubercle  bacilli  are  fine,  gen- 
erally slightly  curved  rods  fr<nn  1.6  to  3.S  n  in  length,  incapable  of  spon- 
taneous movement.  Tiiey  uKuaily  occur  singly,  rarely  in  pairs,  and  some- 
times filaments  are  seen  made  up  of  five  to  six  segments.  Whether  <» 
not  the  bacilli  form  spores  lias  not  liitlierto  been  determined.  When  theh*- 
cilli  ai-e  staineii  there  ai-c  occasionally  seen  bright  vacuoles  having  a  reg^ilir 
arrangement,  which  are  suggestive  of  spores.  The  bacilli  are  extremely  re- 
sistant, prubably  as  a  result  of  Ibeir  verj'  firm  membrane  or  envelope;  henm 
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do  not  low  their  virulence,  thoug'h  dried  for  a  month,  or  subjected  to 

temperatures  nearly  reaching  the  boiling-point,  or  when  subjected  to 

iposition  or  the  acid  gastric  juice, 

le  cultivation  of  the  facultative  anaerobic,  strictly  parasitic  bact«ria  out- 

r  the  animal  body  is  accompanied  with  difficulties.    They  thrive  best  of 

m  the  hardened  blood  seruai  of  sheep,  cattle,  and 

in  the  incubation  apparatus,  at  a  temperature  of 

3S'  C.  (98.6°  to  100.4°  F.).    A  tubercle  containing 

or  some  similar  substance  taken  from  a  slightly 

1  lyraph  gland  can  be  used  for  the  seed.    Below 

ind  above  42°  C.  tubercle  bacilli  cease  to  grow. 

ncubator  temperature  of  37"  to  38°  C,  if  the  cul- 

very  carefully  protected  from  impurities  and 
woming  mixed  with  other  bacteria,  there  develop 
le  blood  serum  characteristic  greyish- white,  small 
lea  or  crumbs,  which  become  visible  through  the 
wpe  within  five  to  six  days,  but  to  the  naked  eye 
Fter  the  lapse  of  ten  to  ilft«en  days.  From  the 
the  third  week  on.  the  appearance  is  verycbarac- 
In  a  test  tube  the  tubercle  bacilli  thrive  ex- 
•ly  well  upon  meat-peptone  agar  to  which  has 
Ided  thre«  to  five  per  cent,  of  glycerine  (Nocard, 

This  glycerine  agar  is  at  present  almost  exclu- 
ised  for  making  pure  cultures,  and  is  displacing' 
nd  more  the  blood  serum  which  is  so  difficult  to 
i.  When  tubercle  bacilli  are  inoculated  with  the 
m  wire  upon  glycerine  agar,  the  first  colonies 
!  observed  along  the  line  where  the  wire  was 
about  fourteen  days  subsequently.  If  the  culture 
red  to  remain  in  the  incubator  for  one  and  a  half 
weeks  longer  the  typical  picture  of  a  tubercle- 
culture  will  be  obtained— that  is,  there  will  be 
on  the  agar  an  uneven,  greyish-white,  dry,  lustre- 
iSB,  which  is  made  up  of  flakes,  nodules,  and 
^es  {Fig.  337).  The  colonies  consist  of  variously 
:ing  strings  of  bacteria  clinging  together  (Fig. 
tubercle  bacilli  also  thrive  in  bouillon  to  which 
>  five  per  cent  of  glycerine  has  been  added,  and 
ive  even  been  cultivated  upon  slices  of  potato 
alkaline)  which  were  kept  from  drying  by  fua- 
ether  the  open  end  of  the  glass  tube  containing  them  (Globig,  Roux|. 
•■  tubercle  bacilli  retain  their  virulence,  though  cultivated  in  artificial 
-e  media,  for  a  long  time.  Eocb  has  made  pure  cultures  of  these 
frow  in  a  test  tube  for  more  than  nine  years,  and  he  has  observed  only 
diminution  of  their  virulence.  The  tubercle  bacilli  must  be  kept  from 
it.  as  in  direct  sunlight  tbey  perish  in  a  few  minutes  or  hours,  accord- 
he  thickness  of  the  culture.  The  dispersed  daylight  acts  more  slowly. 
ise  of  Tabeiole  Bacilli. — Koch.  Prudden.  and  others  have  attempted 
in  the  pure  cultures  of  the  tubercle  bacillus  obtained  from  man  the 
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active  principle  (toxine)  which  causes  the  morbid  conditions  associated  wii 
tuberculosis.  According  to  the  discoveries  of  Pruddeu  and  Hodenpyl,  tb 
poisonous  substances  are  not  found,  as  in  many  other  species  of  fungi,  in  th 
nutritive  medium,  but  tliey  are,  analogous  to  Buchner's  bacterial  protein 
fixed  to  the  bodies  of  the  bacilli  in  an  extremely  resistant  form.  The  toiir 
action  of  cultures  of  tubercle  bacilli  lasts,  according  to  Maffucci,  about  Iwo 
years ;  it  is  not  changed  by  subjecting  them 
,^^^        '^^^j-  ^  drying  for  fourteen  months,  by  expooAg 

"  ''  -' —  "^  them  to  sunlight  for  thirteen  to  fifteen  min- 

utes or  to  the  action  of  a  temperature  of  & 
to  100°  C.  for  several  hours.    FurthermoB, 
they  are  not  changed  for  a  very  long  time 
"1  jh  ft     ^^g^  *  *%t  ^s^      during  their  sojourn  in  the  human  bodj 
iy^^S^^utS^^J^^      Dead  tubercle  bacilli  can  give  rise  to  tuber 
'^^^^    -  -*      '■■™*'  culosis  in  animals,  or  rather  to  chmnic  in» 

rasmus  with  nodules  resembling  tuberclet  ii 
the  lungs,  with  pneumonic  processes,  thick 
cning  of  the  intima  of  the  vessels,  etc.  Com 
plete  recovery  from  tuberculosis  is  not  ob 
Fio.  33S.— Colon ies  at  tubercle  b«-  tained  by  the  death  of  the  tubercle  bacilli 
cin^on  oouBuUtad  blo«l-«iri,ui,  ,,j,j  jjj^  tubercular  foci  containing  the  dw 
bacilli  must  likewise  be  done  away  wilka 
the  tubercular  poison  itself  rendered  harmless.  In  fact,  dead  tubercle  bacill 
are  said  by  Babes  and  Proca  to  contain  more  toxines  than  the  living,  becau* 
certain  toxines  are  formed  only  in  the  dying  bacilli,  and  are  more  easilr  « 
free  from  the  dead  bacilli  than  from  the  living.  The  cacheiua  of  phtbisita 
patients  is  caused  mainly  by  the  toxic  substances  formed  by  the  tubereh 
bacilli.  Kichet  and  Hericourt  have  obtained  from  tubercular  cultuns  i 
toxine  which  has  a  toxic  effect  upon  tubercular  rabbits,  but  none  at  alt  upor 
healthy  ones. 

The  poisonous  action  of  tuberele  bacilli  is  combated  by  certain  protet 
tive  substances  (antitoxines)  which  are  produced  in  the  animal  body.  The* 
antitoiines,  which  are  also  present  in  the  cultures  of  tubercle  bociUi.  bavti 
protective  and  curative  action  upon  tubereular  processes.  For  a  descriptico 
of  Kiwh's  tubereulin  see  page  431. 

Staining  of  Taberole  Bacilli— Different  methods  have  been  recomraftiiled 
for  staining  tuberele  bacilli.  The  examination  of  sputum  for  tubercle  luicilli 
is  as  follows:  A  portion  of  one  of  the  ordinary  yellow,  tenacious  lumpsii 
taken  fi-om  a  mass  of  sputum,  transferred  to  a  cover-glass,  upon  which  it 
then  placed  a  second  cover-glass,  and  the  material  to  be  examined  is  preMd 
between  them.  The  cover-glasses  are  then  removed  from  one  another.  •!■ 
lowed  to  dry  in  the  air,  and  passed  three  times  through  a  flame.  While  th 
cover-glass  is  held  by  tliumb  foreeps.  a  drop  of  carl>olised  fuchsin  is  pl«w 
upon  it.  the  preparation  is  held  a  moment  over  the  flame,  and  this  procedin' 
is  rc{ieatcd  several  times,  fresh  staining  solution  being  added  if  necessarj 
Then  the  stain  is  washed  oil  with  distilled  water.  The  parts  surroundin 
the  bacteria  ai-e  decolori.sed  with  fifteen  to  twenty  per  cenL  nitric  acid  b 
moving  the  cover-glass  back  and  forth  a  few  moments  in  the  latter  until  tl 
deep-red  preparation  becomes  greenish  blue.    Then  the  dissolved  fuchsin 


TUBERCULOSIS.  419 

wwhed  away  in  seventy  per  cent,  alcohol,  and  the  preparation  is  rinsed  in 

'    distilJed  water  and  re-stained  with  methylene  blue,  by  which  everything  is 

coloured  blue  except  the  bacilli,  which  still  remain  red.    After  washing  in 

Titer  the  preparation  can  be  examined  immediately,  or  it  may  be  dried, 

and  mounted  in  Canada  balsam. 

Of  the  other  methods  of  staining  I  should  mention  particularly  B. 
Fmnkels,  which  is  the  best  of  the  remaining  ones,  and  can  be  quickly  carried 
oat  (Staining  with  hot  carbolised  fuchsin,  then  decolorising  and  counter- 
staining  in  a  solution  of  fifty  parts  water,  thirty  parts  alcohol,  twenty  parts 
nitric  acid,  and  methylene  blue  to  saturation,  washing  in  water.)  Gramas 
method  is  also  useful.  By  the  above-mentioned  rules  a  stain  can  be  given  to 
ipatum,  fseces,  pus  from  a  wound,  samples  of  pure  cultui*es,  etc.  The  stain- 
ing of  a  section,  and  consequently  of  the  tubercle  bacilli  in  the  tissues,  is 
done  in  essentially  the  same  manner  (for  instance,  immersion  for  one  hour 
in  carbolised  fuchsin,  decolorising  in  dilute  [ten  per  cent.J  nitric  acid  for 
aixmtone  half  to  one  minute,  washing  in  seventy  per  cent,  alcohol,  counter- 
staining  in  methylene  blue  for  two  to  three  minutes,  dehydrating  in  absolute 
alcohol,  clarifying  in  oil,  and  mounting  in  Canada  balsam.)  Ehrlich^s  aque- 
ous aniline-dye  solutions  are  also  much  used  for  sections  and  cover-glass 
preparations.  (At  ordinary  temperatures  the  object  is  immersed  for  at  least 
twelve  hours  in  Ehrlich's  solution  [aniline- water,  fuchsin,  or  gentian  violetj, 
at  higher  temperatures  for  a  shorter  time,  then  for  a  few  seconds  it  is  washed 
in  twenty-five  per  cent,  nitric  acid,  and  for  several  minutes  in  sixty  per  cent, 
alcohol,  then  double  stained  in  Bismarck  brown  or  a  methylene-blue  solu- 
tion, depending  upon  whether  it  was  first  stained  with  violet  or  fuchsin,  then 
washed  in  sixty  per  cent,  alcohol  and  dehydrated  in  absolute  alcohol,  clari- 
fied in  oil  of  cedar,  and  mounted  in  Canada  balsam.)  It  is  of  practical  im- 
portance to  differentiate  tubercle  bacilli  from  the  smegma  bacilli  which  are 
•0  common  on  the  external  surface  of  the  body.  For  this  purpose  Bunge 
and  Trautenroth  recommend  a  complicated  decolorising  method,  consist- 
ing in  treating  the  preparation  with  alcohol  and  chromic  acid  before  stain- 
ing it  with  carbol  fuchsin. 

Tranniiissioii  of  Tuberoulotis  to  Animals.— The  transmissibility  of  tul^er- 

colosis  to  animals  by  inoculation,  by  intravenous  injection,  and  by  allowing 
them  to  eat  and  inhale  tuberculous  substances,  had  been  proved  by  Klencke 
in  1843.  before  Koch's  epoch-making  exi)eriments  had  been  made.    Villemin 
(1865-'68)  was  the  first  to  demonstrate  by  systematic  experiments  that  tuber- 
culosis can  be  transmitted  from  man  to  animals,  and  from  animal  to  animal. 
These  exfieriments  were  then  repeated  with  positive  results,  particularly  }>y 
Chauveau,  Cohnheim,  Klebs,  and  others.    Then  Robert  Koch  showed  that 
tuberculosis  could  only  be  transmitted  to  animals  by  inoculation,  by  intra- 
venous injection,  and  by  inhalation  when  the  material  employed  contained 
tobercle  bacilli.     In  the  first  place,  Rolfcrt  Koch  repeated  many  times  suc- 
Cttsfully  the  inoculation  experiments  which    had    been   i)erformed   upon 
goinea-pigs,  rabbits,  etc.,  with  portions  of  tubercular  tissue  (nodules  of  mili- 
UT  tuberculosis,  tubercular  pus,  phthisical  .sputum,  fungous  material  from 
oints,  lupus,  portions  of  scrofulous  glands,  nodules  of  bone  tuberculosis). 
fe  then  employed  in  a  great  number  of  transmission  experiments  pui*e 
litures  of  tubercle  bacilli,  and  by  inoculating  these  into  the  subcutaneous 
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tiiwue,  into  tlie  anterior  chamber  of  the  eye,  and  by  injecting  them  into  the 
|k»rit(>n<*al  cavity  and  into  the  veins,  and  by  causing  them  to  be  inhaled,  he 
prodiictni  true  tuberculosis,  with  its  characteristic  bacilli,  which  oonld  be 
aipiin  and  again  successfully  transmitted  to  other  animala  So  Koch  has 
furnished  in  the  most  convincing  manner  the  indisputable  proof  that  tuber- 
ouliwis  is  oauned  by  specific  bacilli.  Koch's  admirable  work  will  be  found 
in  i\w  Mittheilungen  des  Eaiserlichen  Gksundheitsamtea,  1884.  Almost  at 
the  very  same  time  that  Koch  published  his  work  upon  the  etiology  of  tuber- 
cuKiKiH,  liaunigarten,  independently  of  Koch,  had  likewise  found  bacilli  in 
tlie  tultercles  produced  in  rabbits  by  inoculation,  but  he  did  not  make  culturea 
and  inoculations  with  them. 

All  animals  are  not  equally  susceptible  to  tuberde  badllL  Guinearpiga, 
rabbits^  and  ruminants  have  a  pronounced  predisposition  for  tuberculoaia, 
while  d«ys»  ratsk  and  white  mice  are  immune  from  it  It  is  well  known  that 
nuin  slmws  great  variations  in  susceptibility  to  the  poison  of  tnbercolosiBb 
Mtwrihy  made  tlie  interesting  observation  that  guinea-pigs  which  were 
inivulat<Hl  with  tlie  toxines  of  tubercle  bacilli  and  of  the  Baderium  eoii 
^m^mnnt  did  not  acquire  tuberculosis.  Babes  and  Friedriehobaerved  fotma- 
l)on«  similar  to  tlie  ray  fungus  in  animals  which  were  killed  within  twenty- 
ilv^  iUy«  after  injecting  into  the  common  carotid  salt  solution  containing  n 
small  quantity  of  tubei^le  baeillL  Theae  did  not  appear  in  animals  that 
wtf^  kilM  ovtHT  thirty  days  after  infection. 

TubsmlMis  tf  Caftas^--The  tubm»Uosis  of  eatUe,  in  which  small  and 
lavyr  iWuleA^  ev^n  nMching  the  siae  of  a  walnut  or  potatoi,  ave  fanned,  ia. 
aiNyw^liixg  K^  nwy^t  invesiigationak  identical  with  the  tnhfrrnlosis  of  man^ 
ami  tlie  |wi»mk^  %^  tubeivle  bacilli  has  likewise  been  deoMinatratod.  Inocn- 
lati^Mi  ^xiW'riiiM'nts  hav^  alj^>  given  corwsponding  resnliSL  Bsy  the  ingeatioa 
\>f  UH^t  and  milk  <>^itainiug  tubercle  bacilli  from  tabermlar  cowa  fpmHMOk^ 
larty  th^y^  wuh  l«>ml  tuKnocular  diwese  of  the  udderV  tnberoiilosis  may 
<^im)\-  V  i^Auscsi  in  nvjui.  If  K>il^L  the  virulence  of  infected  milk  is  de- 
$iT^N\t\^ .  \iN  tvv:MiV.t«M^  cKaraoti^  nvny  W  weakened  by  dilating  it  with  milk 

Fw^ieJaHwmlwil    KSmh    iias   ^Ve!»nnbed    a   |iMQdo«ibetrolosis   of 

^;r.^>«v^  )>.C!^  v^V.AVt4X>>  s^muUtiix^  tuSsfv^UjOsas  ai^  fiMnd  paiticBlarly  in  the 
AK^vn^^.viA".  »^*v*^'^s.  <>xivs*'.A'"y  ^n  t>>e  *ixrr.  an*i  t*>  a  1««  extent  in  the  InngSL 
^^vrt-j^  »n;"  iV  '',>^v^.;;'«^  ^vrv^^ni  tiw  aipt^^ATA^xy^  *^  mi^iaiy  Taberrlea.  others  of 
*in>:^r.  j^N>»,\>««fs.  ;r.  tV  *>i^nt5v  of  th*'  rsvru*'«i  oiivWiJOBtf  of  miCTOoocci  are 
f ,^, ;^ >,\  s * ^ .\  : ':**  :>»\; ;: *^ *"*s  : >M>n>«^t x^w  a^w^^m-  ?r, v?v>«\>mirti^^y  eitber  as  fpots  of 
,NV^  •.>i*'^'"i  'iNV.Nts-N  v.;rrvv,;->,>^^  >\  A  y*>«ir>f  ,Nf  "rt^arwvTTw^  or  as  «Jlectiom  of 
Y^jv     ?*v  K;,Vn-,f  ,"*»*'  ^.vVv»><>x*w'  ^'^^  Wasim  «'?>»^  Vy^Tial  »  imbahlv  ideift. 

As»>8.''  .<i  jw,^  i,^."^  i,;Xy\-  ;\"«s^'  .;-  t^SS  ^.  A'.vi  'W  f,^J:r^A  ;!hr  TC'inwctfiasisBis  to 
V  v;i.>  v^,v»4  'wK  ,^,N,S:v  iVr  <^  vV.  ,v  :,;Sf«i?i.'V  Sjw*;'.^;  a3>c  iv^nnded  at  the 
^ysK  ■,^'-.  ^v  '''^v  ^>^  '''»,v  ...^  ,%■"  vKvw^r  ,v  V-nr.^*  :!«(^Trr>»!il&.  vr)ac&  w^eie 
^»i)',v   ;'k.w,vv'  xNv  >x  x'.v  ,"«"  ■>^  .x*,v{  :,*^jMN  *^rc  T.  ^^Mvrts;  ATr»v;  ."NX  MVQc^  in  tbick 

T^  ?*uVwvi^  ^KaiM«4^AS  lift  %'^>jkk      TW  '«»-avvv»';vV.     <.  ■^♦•t  lUiT*^     HT  TTTslcnt 
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fofoishes  substances,  according  to  Courmont  and  Dor,  by  means  of  which 
nbbits  can  be  made  immune  from  the  effects  of  inoculation  with  the  tubercle 
bidUus  of  man. 

Combiiiation  of  TuberculofU  with  CaFcinoma  and  Syphilis.— In  rare  cases 
there  has  been  observed  the  simultaneous  occurrence  of  carcinoma  and 
tabercalosis  in  the  same  portion  of  the  body ;  for  instance,  aTi  eruption  of 
tubercles  may  be  found  in  the  neighbourhood  of  a  carcinoma  of  the  stomach 
or  larynx.    In  such  instances  the  tubercle  bacilli  have  gained  access  to  the 
sorrounding  tissues  through  the  carcinomatous  ulceration   (Zenkel,  Hof- 
mokl,  and  others).    Ribbert  believes  that  tuberculosis  is  the  cause  in  some 
earcinomata  of  the  formation  of  the  primary  subepithelial  granulation  tissue 
described  by  him  (see  Carcinoma).    The  simultaneous  occurrence  of  syphilis 
and  tuberculosis  is  also  interesting;  the  syphilitic  product,  for  example,  may 
gradually  take  on  a  tubercular  character  from  the  lodgment  of  tubercle 
bacilli  (Eisenberg,  Leloir).     In  consequence  of  such  a  mixed  tubercular- 
syphilitic  infection,  there  will  be  observed  corresponding  affections — for 
instance,  of  the  lymphatic  glands  and  skin — which  will  only  partially  dis- 
appear under  antisyphilitic  treatment.    According  to  Hochsinger,  syphilis 
and  tuberculosis  occur  as  a  mixed  infection  even  in  infants,  and,  in  fact,  this 
mixed  infection  may  be  congenital. 

Origin  of  Tuberculosis  in  Man. — In  the  first  place,  individual  predis- 
position,  which  may  be  congenital  or  acquired,  is  of  particular  inipor- 
taace  in  the  acquirement  of  tuberculosis  by  man.  This  predisposition 
B  dne  to  general  constitutional  conditions  and  to  local  changes  in  the 
tiflSDes,  and  especially  to  variations  in  the  metaboUsm  of  the  tissues 
fixhibited  by  some  individuals,  as  well  as  a  change  in  the  irritability  of 
the  cells.  Foremost  in  this  category  stands  scrofula,  a  congenital  or 
•cquired  constitutional  disturbance  of  nutrition.  Climatic  and  otljer 
conditions  peculiar  to  certain  regions  are  also  of  great  importance.  In 
many  places,  such  as  certain  high  resorts  or  regions  where  lime  in- 
dugtries  exist,  tuberculosis  is  almost  unknown. 

The  tubercle  bacilli  or  their  spores,  whose  existence  is  still  d  ubt- 
fal,  are  contained  in  the  atmospheric  air,  into  which  they  get  from  the 
excretions,  or  the  sputum,  etc.,  of  animals  or  man  affected  with  tuber- 
cular disease.  Tubercle  bacilli  are  found  particularly  in  the  du.st  or 
the  air  in  which  phthisical  sputum  has  opportunity  to  dry  and  be- 
come dispersed.  They  are  also  carried  about  l)y  flies  (Spillmann, 
flanshalter).  To  put  a  prophylactic  restraint  upon  tu])ereulosis  it  is 
^visable  first  of  all  to  introduce  cuspidors  into  more  general  use,  ])ro- 
rided  with  a  solution  of  bichloride  of  mercury  (Cornet).  Healthy 
people  can  very  easily  become  infected  with  tul)erculosis  by  constant 
»ntactwith  unclean  phthisical  individuals.  Tubercle  bacilli  are  taken 
nto  the  body  chiefly  by  the  lungs  ;  they  also  are  taken  into  the  intes- 
ine  with  the  food,  or  they  find  entrance  through  an  interruption  in  the 
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continuity  of  the  skin,  through  fresh  wounds,  etc.     Tuberculosis  p»x) 
duced  by  inoculation  into  very  small  wounds  or  cutaneous  abrasioB^ 
is  observed  particularly  on  the  hands  of  physicians,  students,  narse^ 
dead-house  attendants,  washerwomen,  etc.     According  to  Baumgarten, 
Tangl,  and  others,  the  bacilli,  as  the  result  of  their  growth  and  maJtf- 
plication,  always  form  at  the  point  where  they  were  absorbed,  a  local 
tubercular  focus  of  inflammation.     They  may  also  gain  access  to  tlie 
circulation,  and  by  it  be  carried  into  the  internal  organs,  particularly 
the  lymph  glands  and  bones  (the  marrow).     The  tubercular  affection 
is,  at  the  outset,  always  purely  local  (Baumgarten,  Poniiek),  but  if  the 
poison  gets  into  the  general  circulation  and  so  is  distributed  through- 
out the  system,  general  miliary  tuberculosis,  or  a  flooding  of  the  body 
as  it  were  with  bacilli,  can  take  place. 

Local  tubercular  disease  originates  with  preference  in  the  places 
where  the  tubercle  bacilli  easily  find  lodgment  and  are  not  mechanic- 
ally swept  away,  as  in  the  lungs,  the  lymph  glands,  in  the  capillaries  of 
the  bone  marrow  which  have  no  walls,  in  terminal  vessels,  and  espe- 
cially in  blood  extravasations.  According  to  Robert  Koch,  tuberculosis 
in  man  originates  most  frequently  in  the  lungs.  It  is  a  matter  of  im- 
portance for  the  surgeon  to  know  that  tuberculosis  of  the  skin  and 
lymph  glands  can  result  from  scratches,  cutaneous  eruptions,  and  ulcere 
in  the  skiii.  Czerny  saw  two  cases  which  had  been  inoculated  with 
tuberculosis  by  skin  transplantation.  Embolic  tuberculosis  of  different 
organs,  particularly  the  bones  and  joints,  frequently  originates  from 
tubercular  bronchial  glands. 

Extension  of  Tubercular  Inflammation. — The  extension  of  the  tubercu- 
lar inflammation,  which,  as  we  have  said,  is  at  the  outset  purely  local,  is 
dependent  upon  the  multiplication  of  the  bacilli.     The  extension  either 
proceeds  steadily  by  contiguity,  or  the  wandering  cells  carry  the  bacilli 
into  the  adjoining  parts  and  there  form  new  foci,  which  either  re- 
main isolated  or  gradually  coalesce  with  the  primary  focus.     By  the 
entrance  of  living  bacilli  into  the  circulation  (blood,  lymph)  the  tuber- 
cular inflammation  may  be  distributed   throughout  the  entire  body. 
We  observe  an  extension  of  the  tubercular  inflammation  by  contiguity 
when,  for  example,  a  tubercular  inflammation  of  the  bone  marrow 
breaks  through  the  bone  and  infects  a  neighbouring  joint.     In  a  simi- 
lar manner  the  lar<2:e  serous  cavities  become  diseased,  usually  bv  direct 
extension  of  the  tubercular  inflammation  from  one  of  the  organs  that 
forin  their  walls  (Weigert).     Thus  tubercular  pleurisy  originates,  in 
the  majority  of  instances,  from  a  small  pulmonary  focus  extending  to 
the  pleura,  or  from  tubercular  disease  of  the  vertebne,  ribs,  or  Ivmph 
glands.    Tuberculosis  of  the  peritonaeum  is  most  frequently  observed  in 


conjunction  with  a  tnbercnlosia  of  tlie  intestine,  the  female  orarans  of 
generation,  etc.  Deposition  of  the  poison  directly  from  the  blood  into 
the  serous  cavities  selilom  takes  place.  Occasionally  the  extension  of  the 
tulK^rcuIo^ifi  can  be  traced  along  the  lymph  cIianneiB.  In  suL'h  cai^es 
there  irill  be  observed  a  corresponding  formation  of  nodules  in  the 
course  of  the  lymphatic  vessels.  From  the  lyriiph  channels  the  poison 
paeses  into  the  lymph  glands,  then  through  llie  thoracic  duct  into  the 
blood-vessels ;  or  it  may  break  into  a  vein  directly,  and  in  such  cases 
cause  a  general  distribution  of  tlie  bacilli  all  through  the  system,  so 
that  nodules  occur  everywhere  (general  miliary  tuberculosisj,  and  then 
death  usually  follows  in  a  short  time. 

In  fourteen  cases  of  general  miliary  tuberculosis,  Weigert,  by  care- 
fully examining  the  veins,  was  able  thirteen  times  to  demonstrate  the 
place  where  the  poison  broke  through  into  the  veins,  or  into  the  tho- 
racic duct,  in  the  form  of  tubereular  thrombi.  Not  infrequently  there 
is  an  extensive  formation  of  tubei-cles  in  the  walls  of  the  vessels.  The 
bacilli  occasionally  loilge  in  the  intima  of  the  thoracic  duct  iteelf.  In 
6uch  cases  there  is  observed  a  cLeesy  ulceration  of  the  intima  of  the 
duct  (Ponfick). 

l>etectioa  of  Tubercle  Bacilli— The  detection  of  the  tubercle  bacilli 
is,  as  wi'  liiive  rciuurktHj,  of  the  greatest  importance  for  diagiiustic  pur- 
poses, particularly  whtu  found  in  Ihe  blood  in  general  tuberculosis,  in  the 
sputum  in  tuberculosis  of  the  respiratory  tract,  in  the  evacuations  from  tbe 
bowel  in  intestinal  tuberculosis,  in  tlie  urine  in  geni to- urinary  tuberculosis, 
and  in  the  pus  in  tubercular  disease  of  bones,  joints,  and  soft  parts.  The 
bacilli  can  be  meet  easily  demonstrated  in  the  sputum  when  tliey  find  a 
medium  favourable  for  their  nutrition,  and  can  keep  on  multiplying  second- 
arily. According  to  Robert  Koch,  the  bacilli  are  particularly  apt  to  be  found 
where  the  tubercular  process  is  in  its  inception,  the  cheesy,  suppurating 
pniducts.  as  a  general  rule,  containing  but  few  bacilli.  Very  often  the  tu- 
bercle bacilli  cannot  be  demonstrated  in  tubercular  pus ;  nevertheless,  guinea- 
pigs  inoculated  with  this  pus  will  die  of  tuberculosis.  The  giant  cells,  in  a 
process  which  has  lasted  a  long  time,  will  contain,  for  the  most  part,  only  a 
few  bacilli. 

TerminatiOD  of  the  Tuberciilar  Inflanunation. — Wherever  they  may 
occur,  lioth  the  n<idulcs  ujni  the  ditTusc  tubercular  in  tilt  rat  ion  disinte- 
grate and  undergo  cheesy  degeneration.  In  this  way,  particularly  in 
the  skin  and  mucous  membranes.  tnl>ercuiar  ulcers  are  formed  with  a 
cheesy  or  caseous  base  after  the  inflammatory  processes  have  broken 
through  externally.  In  other  cases,  particularly  in  tuberculosis  of  the 
bones  and  joints,  extensive  suppuration  occurs.  The  pus  in  the  latter 
process  has  characteristic  properties;  it  is  usually  thin,  and  contains 
cbeeay  masses.  Occasionally,  as  iu  tubereular  indammatioa  of  the  ver- 
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tebree,  extensive  abscesses  develop,  which  gradually  sink  downwar^i 
along  the  connective-tissue  spaces.     These  are  called  congestion  or  coW 
abscesses  (see  Tuberculosis  of  Bone).     In  the  bones  and  joints  the  di- 
turbances  excited  by  the  tuberculosis,  as  we  shall  see  later  on,  are  verj 
considerable. 

The  tubercular  sup'J)uration  is  mainly  due  to  the  tubercle  bacilli, 
though  in  many  cases  there  is  a  mixed  infection  with  pus  cocci— the 
staphylococcus  and  streptococcus. 

A  reactive  inflammation  usually  takes  place  around  the  tubercular 
focus,  encapsulating  the  latter,  the  organism  trying  in  this  way  to  pro- 
tect itself  from  further  infection.  The  single  foci  of  tubercular  in- 
flammation may  entirely  heal,  and  they  do  this  the  more  readily  the 
smaller  they  are  and  the  earlier  and  more  completely  they  are  removed 
by  operative  measures.  Spontaneous  healing  of  tuberculosis  is  due  to 
a  reactive  inflammation  in  the  neighbourhood  of  the  tubercular  inflam- 
mation. The  cheesy  masses  become  absorbed  or  encrusted  with  the 
salts  of  lime,  the  bacilli  gradually  die,  and  firm  connective  tissue  takes 
the  place  of  the  tubercular  material.  But  there  is  always  the  danger 
that  the  tubercular  inflammation  may  break  out  afresh  as  long  as  bacilli 
capable  of  development  remain  enclosed  in  the  original  focus  of  infec- 
tion. The  bacilli,  or  rather  their  spores,  appear  to  have  great  powere 
of  resistance,  which  explains  why  tubercular  inflammation  recurs  with 
such  extraordinary  frequency.  The  greater  the  number  of  the  foci  of 
disease,  so  much  the  more  improbable  is  the  recovery.  All  too  often 
the  latter  is  only  apparent  or  temporary,  and  then  suddenly  the  disease 
appears  afresh.  Every  individual  who  has  shown  his  susceptibility 
to  the  poison  of  tuberculosis  by  having  had  one  attack  of  the  disease  is 
always  in  danger  of  a  new  outbreak. 

Inheritance  of  Tuberonlosia. — An  important  question  for  the  physician  is 
whether  tuberculosis  can  be  inherited — that  is,  whether  the  tubercle  bacillos 
is  transmitted  from  the  parents  to  the  foetus,  either  at  the  time  of  conceptioD 
or  during  its  intra-uterine  life. 

Recent  experiments  and  clinical  observations  upon  animals  prove  the  oc- 
currence of  a  congenital  tuberculosis  in  animals.   Johne,  Hertvig,  and  Csokor 
found  tubercle  bacilli  in  the  foetus  of  cattle.     Koubassoff  infected  pregnant 
guinea-pigs  with  tubercle  bacilli ;  both  the  mother  and  the  foetus  became 
tubercular,  and  tubercle  bacilli  were  found  in  each.    Landouzy  and  Martin 
have  also  proved  experimentally  the  existence  of  congenital  tuberculosis. 
In  man  also  the  occurrence  of  tuberculosis  developing  in  utero  has  been  ob- 
served.   Tubercle  bacilli  liave  been  found  in  the  blood  and  internal  orsransol 
infants,  but  usually  without  tubercles,  the  latter  not  developing  until  after 
birth. 

Foetal  tuberculosis  in  man  is,  however,  rare  ;  it  can  result  from  tubercle 
bacilli  in  the  spermatic  lluid  in  case  of  tuberculosis  of  the  genito-urinary 
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tract,  and  in  case  of  tubercle  bacilli  iu  the  blood  of  tbe  fatlier.  It  is  well 
ktiown  that  ehildreii  of  tubercular  parents  easilj  contract  tuberculosis  aft«r 
birth,  and  hitberto  it  has  been  believed  that  tuberculosis  always  origiuates 
after  birth,  because  the  children  iu  queiitiou  inherit  a  predisposition  for  it  and 
arc  exposed  to  a  marked  extant  to  infection  by  contact  with  their  parents.  I 
have  no  doubt  that  some  cases  of  tuberculosis  apparently  originating  after 
birth  have  already  begun  in  utero,  and  consequently  are  of  congenital  origin. 
This  has  been  recently  couHrined  by  ubnervalious  made  by  Birch-Hirschfeld. 
He  demonstrated  that  the  tubercle  bacillus  has  the  power  of  passing  through 
the  walls  of  the  vessels  frotu  the  maternal  into  the  fo-taJ  ciiv^ulatiou,  He  had 
one  case  of  a  twenty -three-year-old  woman  who  had  died  of  miliary  tuber- 
culosis in  the  seventh  month  of  pregnancy.  In  the  plscenla  there  were 
found,  in  the  intervillous  spaces  and  in  the  interior  of  the  vessels  of  the  villi, 
many  tubercle  bacilli :  they  were  also  found  in  tbe  liver  of  the  fattus.  Inocuta- 
tious  made  with  portions  of  the  fcetal  organs  produced  tuberculosis  in  guinea- 
pigs.  Birch-Hirschfeld  still  holds  to  the  general  opinion  that  under  normal 
conditions  the  placenta  is  impervious  for  finely  divided  foreign  bodies  or 
micro-organisms,  but  by  pathological  processes,  or  rather  by  the  lodgment 
of  micro-organisms,  this  filter  is  made  pervious.  The  bacilli,  as  it  were,  grow 
into  the  fcetal  portion  of  the  placenta  in  the  same  way  that  the  anthrax 
bacilli  enter  the  pulmonary  vessels  after  the  inhalation  of  anthrax  spores 
which  Buchner  demon wti-a ted  ex|>erimeutai]j-. 

Brief  Keview  of  Tubercular  Disease  in  tlie  Tarioas  TissaeB  and  Oi^^i 
as  fax  as  it  conoenu  the  Sut^eon. — Com-eniing  the  i.'liniffll  i/oursc  of 
8iirj;i(.'al  tulierculowis,  the  tollowing  hrief  wtatenicnf  will  suffice: 

Toberculosis  of  the  Skin  and  Snltcntaneoiu  Cellular  Tiuae. — Tubercu- 
losis of  the  external  cutaneous  covering  inid  of  tlic  cellnlur  tissue  iB  of 
fre<]nent  occarrence.  The  so-ealled  Inpiis  (^  93,  Chronic  Inflaunnations 
of  the  Skin)  is  a  special  form  of  tuberculosis  of  the  skin.  Lupus  occurs 
alone,  or  it  may  be  a  part  of  a  tnl>ercular  conBtitutional  affection. 
Other  tulwrcular  ulcerationa  of  the  skin  occur,  particularly  iu  children 
and  yonng  individuals,  either  primary  or  secondary,  for  instance,  to 
titl>erculai'  al)sees8es  of  the  lymph  glands  and  tuhercnlar  bone  and  joint 
disease.  These  tubercular  ulcerations  of  the  ekiu  usually  yield  readily 
to  sut^cal  ti'eatnieut.  Various  exaiithematons  ekin  lesions  occur  in 
the  skin  of  tuljerculons  patients  which  are  pi-obably  caused  by  tbe  tox- 
ines  of  the  tul>ercle  bacilli,  oa  tbe  latter  can  usually  not  be  dcmonstmted 
in  the  lesions  iBoeck).  In  this  category  Iwlong  lichen  scrophulosorum, 
several  farms  of  eczema  (eczema  si-rophnlosorum ),  lupus  erythematosus 
diiwoides  seu  dissominatue,  etc. 

The  so-called  anatomical  lubercle  described  in  §  7fi  is  oi-caBionatly, 
though  not  alwaVB,  a  true  tuberculosis  of  the  skin. 

Priraiiry  tuberculosis  of  the  {miiniculns  a^liposus,  particularly  in 
young  children,  takes  the  form  of  firm,  Hat,  8ul>cutanei>ufi  nodes,  which 
gredaally  extend,  coalesce,  and  break  through  externally  after  theekin 
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has  necrosed.  In  other  eases  they  may  evince  a  preference  to  gro 
into  the  deeper  parts  beneath  the  more  or  less  nninjared  skin. 

Primary  tuberculosis  and  primary  tubercular  abscesses  of  the  da 
intermuscular  spaces  and  connective  tissue  in  the  neighbourhood  < 
bones  and  joints  are  very  rare.  Tuberculosis  in  these  regions  is  usuaB 
secondary  to  tubercular  disease  of  the  bones,  joints,  and  lymph  glands 
In  this  category  should  be  classed  the  congestion  abscesses — that  is,  the 
so-called  cold  abscesses  following  tubercular  disease  of  the  bones  or  the 
joints,  particularly  those  of  the  vertebral  column. 

Tubercular  abscesses  are  very  frequently  observed.  They  are  mu- 
ally  enclosed  by  a  characteristic  greyish  or  yellowish-grey  membrane— 
the  so-called  abscess  merabmne — containing  miliary  tubercles.  Thia 
membrane  can  be  easily  loosened  or  scratched  off  from  the  healthj 
adjoining  parts.  Only  in  rare  instances  is  there  seen  a  diffuse  spread- 
ing of  the  tubercular  inflammation  into  the  muscular  tissue.  The 
above-mentioned  abscess  membrane  is  only  observed  in  tubercoloos, 
and  is  consequently  of  diagnostic  importance.  It  is  lacking  in  syphilu, 
in  which,  in  general,  there  is  more  frequently  observed,  in  contradtf* 
tinction  to  tuberculosis,  a  diffuse  cheesy  degeneration  of  the  mosdefl; 
for  instance. 

Tuberculosis  of  Mucous  Membrane — The  Tongue. — Among  tuberca- 
lar  affections  of  the  exposed  mucous  membranes  there  is  observed  i 
tuberculosis  of  the  tongue  which  sometimes  takes  the  form  of  a  partij 
torpid,  partly  fungous  ulceration,  and  at  others  of  a  deep-seated  node 
with  central  softening.  The  tubercular  ulcer  of  the  tongue,  with  u 
indurated  area  surrounding  it,  may  sometimes  be  mistaken  for  cancer, 
and  tubercular  nodes  have  a  similarity  to  syphilitic  gummata,  bnl 
their  local  manifestations  and  the  whole  clinical  course  will,  in  tiM 
majority  of  cases,  assure  the  correct  diagnosis.  In  one  case  I  sal 
the  entire  superficial  surface  of  the  tongue  covered  with  tubercuki 
ulcers,  varying  in  size  from  that  of  a  pin-head  to  that  of  a  pea,  and 
between  them  miliary  tubercles  were  everywhene  visible.  The  greal 
majority  of  patients  operated  upon  for  tuberculosis  of  the  tongue  sub- 
sequently die  of  pulmonary  tuberculosis ;  but  still  some  complete  re- 
coveries have  been  recorded  even  in  individuals  strongly  predisposed 
by  heredity. 

Tuberculosis  of  the  Phanmx  and  Palate  occurs  mainly  in  tuberenk] 
children  at  the  age  of  puberty  and  soon  after,  in  the  form  of  ulcers  tin 
size  of  a  pea  and  larger,  having  a  tendency  to  coalesce,  and  located  CH 
the  palatine  arches,  the  posterior  wall  of  the  pharynx,  and  the  pw 
terior  Rurface  of  the  velum  palati.  Between  the  ulcers  there  do  nc 
often  fail  to  be  miliary  nodules,  which  are  visible  when  the  illumiiu 
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tion  is  snfficient.  Tabercnlosis  of  the  pharynx  and  palate  is  very  apt 
to  be  confased  with  syphilis.  In  the  differential  diagnosis  it  is  to  be 
noted  that  syphilis  produces  more  loss  of  substance,  while  tuberculosis 
is  more  apt  to  give  rise  to  extensive  ulcerating  surfaces  which  have  a 
tendency  to  shrink  and  contract.  In  this  condition  permanent  recov- 
eries have  also  undoubtedly  been  obtained,  but  the  majority  of  the 
patients  die  of  pulmonary  tuberculosis. 

Vofe. — Tuberculosis  of  the  nasal  mucous  membrane  (ozeena  tuber- 
cnlaris)  occurs  in  the  form  of  a  primary  tubercular  ulceration  of  the 
niQcous  membrane,  or  secondary  to  primary  tuberculosis  of  the  bones, 
particularly  the  superior  maxilla. 

Lipt. — Severe  tubercular  ulcerations  occasionally  make  their  appear- 
ance upon  the  lips. 

Seotam. — Some  fistulse  of  the  rectum  are,  as  the  ancient  physicians 
well  knew,  tubercular  in  character.  The  tubercular  rectal  fistula  is 
diaracterised  by  a  tendency  to  the  formation  of  fungous  granulations, 
bj  an  extensive  lifting  up  of  the  mucous  membrane  from  the  under- 
lying parts,  undermining  of  the  skin,  and  by  the  formation  of  abscesses 
with  sinuses.  The  prognosis  of  tubercular  rectal  fistula  is  very  un- 
&?ourable. 

Intestine. — Tubercular  perityphlitis  occurs  after  perforation  of  a 
tubercular  intestinal  ulcer.  It  gives  rise  to  large  tubercular  abscesses, 
and  yet  patients  who  have  them  are  often  otherwise  entirely  well. 

Oenito-urinary  Tnberculosia. — It  has  been  my  experience  to  find  that 
tabercnlosis  of  the  genito-urinary  apparatus  runs  a  particularly  unfa- 
vonrable  course,  sometimes  with  great  rapidity.     Tuberculosis  of  the 
testicle  and  epididymis— originating  either  primarily  or  secondarily  to 
tnberculosis  of  the  vas  deferens  or  the  genito-urinary  apparatus — usu- 
ally occurs  in  young  or  middle-aged  men,  and  even  old  men  are  not 
exempt.     In  general  it  is  best,  as  soon  as  possible,  to  remove  the  tuber- 
cular focus  in  order  to  prevent  the  process  from  involving  the  other 
testicle  or  the  spermatic  cord,  prostate,  and  bladder.     Tuberculosis  of 
the  spermatic  cord  is  characterised  by  an  even  thickening  or  a  nodular 
arelling  in  the  course  of  the  vas  deferens.     Tuberculosis  of  the  blad- 
der, urethra,  and  kidneys  is  very  typical,  and  belongs  to  the  severest  of 
tbe  tubercular  diseases.     Tuberculosis  of  the  bladder  has  hitherto  re- 
'  listed  all  attempts  to  cure  it.     The  demonstration  at  an  early  period  of 
r  fabercle  bacilli  in  the  urine  is  of  great  practical  importance.     For 
tobercnlosis  of  the  kidney  or  its  pelvis,  it  is  best,  at  as  early  a  stage  as 
possible,  to  undertake  operative  treatment  in  the  form  of  nephrotomy 
w  nephrectomy.     I  must  refer  the  reader  to  my  text-book  of  special 
gQTgery  and  to  the  text-books  on  gynaecology  for  tuberculosis  of  the 
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penis,  vagina,  and  uterus.  In  rare  instances  inoculation  with  tubercu- 
losis may  take  place  on  the  external  genitals  as  a  result  of  coitM 
(Kraske,  Schmidt).  Tuberculosis  of  the  mamma  is,  according  to  Bill- 
roth, Volkraann,  and  others,  very  rare,  and  its  diagnosis  is  only  possi- 
ble in  the  later  stages.  In  every  case  of  tuberculosis  of  the  breast  the 
entire  mamma,  with  the  corresponding  axillary  lymphatic  glands, 
should  be  removed. 

Tuberculosis  of  Bones^  Joints^  and  Tendon  Sheaths. — For  tuberculosis  of 
bones,  joints,  and  tendon  sheaths  the  reader  is  referred  to  the  paragraphs 
upon  these  subjects.  It  need  only  be  stated  here  that  tuberculosis  of 
bones  and  joints  is  very  common,  and  that  the  true  caries  of  bones  and 
joints — the  so-called  fungous  inflammation  of  bones  and  joints — ^iswith 
few  exceptions  true  tuberculosis.  Tuberculosis  of  bones  and  joints  origi- 
nates very  frequently  as  a  result  of  a  traumatism.  The  tubercular 
joint  inflammations  are,  particularly  in  children,  secondary  in  natnre, 
as  they  are  most  frequently  due  to  an  extension  of  the  process  from  the 
bones.  The  tuberculosis  of  bones  occurs  chiefly  as  a  tubercular  osteo- 
myelitis, which  very  frequently  leads  to  the  formation  of  large  cold 
abscesses.  Tuberculosis  of  the  tendon  sheaths  manifests  itself  some- 
times as  a  diffuse  fungous  disease  and  sometimes  in  the  form  of  sepa- 
rate nodes. 

Lymph  Olands. — Tuberculosis  of  the  lymph  glands  is  exceedingly 
common,  particularly  in  the  neck.  Areas  of  characteristic  cheesy  de- 
generation and  suppurative  softening  develop  either  primarily  in  con- 
junction with  a  scrofulous  hyperplasia  of  the  glands,  or  secondary  to 
tuberculosis  of  the  lymph  district  in  question.  It  is  of  very  greit 
practical  importance  that  this  glandular  tuberculosis  should  receiTe 
operative  treatment  at  as  early  a  stage  as  possible,  because,  if  the  poi- 
son passes  into  the  circulation,  general  miliary  tuberculosis  may  readily 
follow. 

Lymphatics. — That  tubercular  lymphangitis  is  of  frequent  occ^^ 
rence  can  be  easily  understood  from  the  frequency  of  tuberculosis  d 
the  lymph  glands. 

Blood-vessels. — The  walls  of  the  arteries,  and  particularly  of  tha 
veins,  become  diseased  both  primarily  from  the  blood  and  secondarily 
from  neighbouring  tubercular  foci. 

i 

Diagnosis. — The  diagrnosis  of  tuberculosis  is  rendered  certain  when  it  ii 
possible  to  demonstrate  the  presence  of  tubercle  bacilli,  when  inoculation  il 
successful,  and  the  microscopic  exanjination  of  the  tissues  reveals  the  aboff 
described  characteristic  structure  of  the  tubercles. 

Prognosis  of  Tuberculosis.— We  have  already  sulficiently  outlined  the 
prognosis  of  tub(?rcnlosis.     Even  in  surgical   tuberculosis,  though  radicd 


operative  treatment  may  be  adopted,  a  permanent  cure  is  not  bo  ofteti  observed 
as  manj  entbusiaata  believe  ;  but  the  sooner  the  tubercular  focus  is  roTnoved, 
the  smaller  it  is,  etc.,  so  much  the  more  ground  may  we  have  for  expecting  a 
permanent,  complete  cure.  But,  as  has  been  said,  there  is  always  the  danger 
oE  a  fresh  recurrence  of  the  disease  even  years  later.  For  children,  the  prog- 
nosis, in  general,  is  better  than  for  adults ;  we  often  enough  see  spontaneous 
recovery  take  place  in  them  from  the  most  severe  boneand  joint  tuberculosis. 
But  we  know,  from  the  statistics  of  Billroth  aud  others,  that  individuals 
who  have  nutfered  in  their  youth  from  tubercular  disease  of  bone  do  not 
usually  attain  an  advanced  age. 

Treatment  of  Taberculoiii. — The  treatment  of  tuberculosis  is  partly 
local  and  partly  coustitutiunal.  As  it  is  a  conta^ous  diseoae,  healthy 
persons  should  lie  protected,  aa  far  as  possible,  from  infection.  It  is 
accordingly  the  safest  plan  to  treat  tubercular  patients  in  hospitals; 
those  with  tubercular  disease  of  the  lungs  should  be  treated  in  insti- 
tutions built  for  that  purpose.  The  local  treatment  of  surgical  tuber- 
culosis— e.  g.,  of  the  bones  and  joints — was,  a  few  years  ago,  chiefly 
operative.  At  present  the  treatment  is  much  more  conservative.  The 
0|>erative  treatment  which  used  to  he  employed  so  vigorously  is  in 
part,  and  with  the  l)est  results,  becoming  supplanted  by  a  more  chemi- 
cal treatment,  consisting  chiefly  in  the  injection  of  drugs  either  inio 
the  tubercular  areas,  or  subcutaneously  into  some  healthy  part  of  the 
body,  such  as  the  buttocks,  the  muscles  of  the  thigh,  or  the  skin  of  the 
chest  or  alidomeu,  for  the  purpose  of  stimulating  the  metabolism  or 
nutrition.  Particular  mention  should  be  made  of  the  aseptic  injection 
of  sterilised  teu-per-cent.  iodoform  oil  or  iodoform  glycerine — for  ex- 
ample, into  tubercular  joints.  I  have  had  excellent  results  from  this 
treatment,  particularly  in  tuberculosis  of  children  and  young  adults. 
To  avoid  iodoform  intoxication,  it  is  Iwst  to  sterilise  olive  oil  or  gly- 
cerine and  iodoform  separately,  by  heating  them  at  a  temperature  of 
100°  C.  in  the  sterilising  apparatus;,  and  then  to  make  with  them  a  ten- 
to  twenty -pep-cent,  mixture.  Iodoform,  iu  fact,  appears  to  have  a 
direct  antitubercular  action,  as  proved  by  the  experiments  of  Baum- 
garten,  Troje,  and  Tange.  Furthermore,  arsenic,  three  per  cent,  car- 
Itolic  acid,  tincture  of  iodine,  and  1-5  per  cent,  iodine  iodide  of  potas- 
sium eolntion  have  been  used  for  intramuecnlar  and  intra- articular 
injections.  A  solution  of  iodine,  iodide  of  potassium  and  guaiacol  (211.0 
gnaiacol,  5.0  iodine,  10.0  iodide  of  potassium,  and  lOO.U  glycerine) 
may  be  injected  into  the  buttock  or  the  outer  side  of  the  thigh  (Frassi). 
{'hloride  of  zinc  (1 :  10-l.i),  balsam  of  Peru,  calcium  witli  phosphoric 
acid,  oil  of  cloves  (1 ;  10  olive  oil),  vasogen,  camphor,  naphthol,  copper 
salts,  etc.,  have  Iieen  used  in  a  similar  way.  Luttou  recommends  the 
subcntaneons  injection  of  1  cu.  cm.  of  the  following:  5.0  phosphate  of 
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sodium  in  120  cu.  cm.  of  equal  parts  of  water  and  glycerine,  to  which 
is  added  1.0  acetate  of  cupric  oxide  in  40.0  water  and  glycerine  equal 
parts.  The  copper  salts  are  said  to  have  a  temporary  inflammato^ 
reaction  like  tuberculin  (see  page  431).  Koehler  recommends  the 
external  employment  of  calomel  powder,  Bayer  of  five-per-cent.  iodo- 
f orm-vasogen,  and  Isnard  of  oil  of  turpentine  (for  injection  into  fistula 
and  abscesses,  or  as  an  ointment,  with  equal  parts  of  vaseline). 

Arsenic  has  been  recommended  by  Buchner  both  locally  and  inter- 
nally. He  believes  that  this  remedy  greatly  increases  the  powers  of 
resistance  of  the  body,  or  rather  of  the  cells.  P.  Bruns  and  others 
have  obtained  no  satisfactory  results  from  the  injection  of  Kolischer's 
phosphate-of-lime  solution  (calc.  phosphor,  neutr.  5.0,  aq.  dest  50.0, 
acid,  phosphor,  q.  s.  ad.  solut.  perfect,  filtra,  adde  acid,  phosphor,  dil. 
0.6,  aq.  destil.  q.  s.  adde  100.0,  and  inject  about  10  to  12  to  24  en.  em.). 
Similar  unsatisfactory  results  were  obtained  with  Kolischer^s  lime- 
gauze  packing.  The  gauze  is  impregnated  with  the  above  solatioii 
and  contains  ten  times  its  weight  of  dilute  phosphoric  acid.  Moeetig 
Moorhof  speaks  highly  of  the  subcutaneous  injection  of  about  3.0  ten- 
krin  (extractum  teucrii,  scordii  depurat.)  into  the  immediate  vicinity  rf 
the  diseased  area ;  given  internally  (0.5  in  gelatine  capsules)  it  fitimn- 
lates  the  appetite.  Landerer  recommends  the  local  and  particularly 
the  intravenous  injection  of  the  following  cinnamic-aeid  emulsion,  whidi 
must  first  be  rendered  alkaline  :  Acid,  cinamylici  5.0,  ol.  amygdaL 
10.0,  vitelli  ovi  unius,  sol.  natr.  chlor.  (0.7  per  cent.)  q.  s.  ut.  f.  emuk 
100.0.  Landerer  has  been  using  of  late  two  derivatives  of  cinnamic 
acid,  betol,  or  cinnamate  of  sodium  and  betokresol.  The  cinnamic 
acid  or  its  derivatives,  when  brought  into  the  circulation,  act  only  upon 
vascular  tissues ;  they  have  a  strong  chemotaxic  action,  cause  leucocy- 
tosis,  and  excite  an  artificial  inflammation  in  the  vicinity  of  the  tuber- 
cular focus,  with  encapsulation  of  the  tubercles  and  death  of  the  bacilli 
(Landerer,  Richter). 

A.  Bier  has  obtained  remarkable  success  in  tuberculosis  of  the 
extremities  by  employing  permanent  congestive  hypercemia,  brought 
about  by  the  application  of  a  rubber  tourniquet  on  the  proximal  side 
of  the  tubercular  disease.  This  method  of  treatment  was  suggested  to 
Bier  by  the  well-known  fact  that  the  congested  lung  is  immune  froffl 
tuberculosis.  Bier's  passive  congestion  has  been  employed  a  good 
deal  by  Mikulicz,  Zeller,  the  author,  and  others,  and  in  part  with  good 
success.  It  is  a  good  plan  to  use  only  slight  constriction  at  the  out* 
set,  to  let  it  act  for  an  hour  at  a  time,  and  to  change  the  place  of  applid- 
tion.  Iodoform  is  used  locally  at  the  same  time.  It  sometimes  hap* 
pens  that  the  local  process  is  made  worse  by  this  treatment,  and  the 


latter  has  to  be  given  up.  As  tubercle  baeilU  are  killed  by  heat, 
Felicet,  Haurel,  Jeaimel,  and  otliere  recommend  after  operation  the 
use  of  dry  or  inoist  heat  {tberino-cautery,  l)oiling  salt  water).  This 
probably  explains  the  excellent  results  from  igiiipuncture  with  the 
thernio-cautery  or  galvano-cautery.  In  oilier  reapet-ts  the  local  treat- 
ment of  tuberculosis  depends  ujwn  the  part  of  the  Iwdy  that  is  dis- 
eisej  (see  Regional  Surgery),  Tubercular  joints  are  immobiliaed  bj 
aplints  (see  Tulwreulosis  of  Joint*).  Tlie  operative  treatment  of  tuber- 
culosis varies.  It  consists  in  excisiou  of  the  dicieased  area,  iguipunc- 
ture,  scraping  with  a  Volkmann  bjioou,  synovectomy,  resection  of  the 
joint,  etc.  In  extreme  eases  the  patieut  may  be  saved  by  amputation. 
Operative  treatment  should  be  combined  when  possible  with  medical 
and  general  treatment. 

Iodine,  arsenic,  creosote,  guaiacol,  cod-liver  oil,  and  laetic  acid  are 
the  most  common  internal  remedies.  The  treatment  of  the  general 
condition  of  the  patient  is  very  important,  and  the  course  of  tubercu- 
losis is  influenced  very  markedly  by  good  food  and  good  air  and  by  a 
Btrengtheniug  mode  of  life  thoroughly  carried  out.  It  is  also  a  good 
plan  to  employ  baths,  sea  bathing,  sea  voyages,  yearly  sojourns  in 
southern  climat«s  (Egypt,  Madeira,  Sicily),  and  to  try  high  health 
resorts  (Davos),  etc.  For  prophylactic  reasons,  individuals  with  a 
predisposition  to  tubercular  disease,  or  scrofulous  patients,  should  be 
built  up  by  a  tonic  treatment  and  kept  from  associating  with  those 
who  actuallv  have  the  disease. 


TreBtment  of  TnberoiiloBia  with  Koch's  Taberculin.— Tlie  treatment  of 
tuberculosis  with  KfX'K'fi  luberculiii.  u  iiii'tabolif  iinxluel  of  Ihe  tubercle 
bacilli,  is  of  great  seieiiliflc  interest  It  is  founded  upon  llie  itiea  of  combat- 
ing the  tuberclv  bacilli  and  the  poisonous  prcxiucts  of  their  metabolism  by 
-ccvresponding  protective  substances  (autitoxines).  We  know,  in  fact,  that 
the  bacterial  toxines  g'ive  rise  to  the  formation  of  antitoxines  which  develop 
their  protective  and  curative  action  ciiiefly  in  tiie  blood  serum  of  the  body. 
Kocb's  tuberculin  is.  acconiing  to  the  statements  of  the  discoverer,  a  glycerine 
extract  from  pure  cultures  of  tubercle  bacilli,  a  brownish-red  fluiil  which 
contains,  in  addition  to  the  uctive  principle,  a  losalbumen.  inditfereiit  col- 
ouring mutters,  salts,  and  extractives.  In  animals  (guinea-pigs)  Koch  has 
obtiiineil  very  satisfactory  results  with  tuberculin;  he  has  cured  tubercular 
guinea-pigs,  and  has  made  others  unsusceptible  to  inoculation  with  tubercle 
iKicilli.  In  animals  the  tubercle  foci  are  cast  otf  in  a  slate  of  necrosis  after 
the  subcutaneous  injection  of  tuberculin. 

The  observations  which  have  been  made  upon  the  use  of  tuberculin  for 
tuberculosis  in  man  have  not  bpen  aa  aalisf8ct4:)ry  as  in  guineH-pigs.  After 
its  subcutaneous  injection  in  tubercular  individuals  there  generally  occurs 
within  nlmut  four  to  six  hours  a  lypicjil  local  and  constitutional  reaction 
which  is  beat  illuat»t«d  in  tuberculoeia  of  the  sldo,  or  lupus.    The  local  his- 
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tological  changes  following  the  injection  of  tuberculin  have  been  described 
by  many  authors.  These  changes  consist  in  a  very  active  inflammation  in 
the  parts  surrounding  the  tubercular  focus ;  the  tubercle  itself  and  the  bacilli 
are  not  directly  attacked.  In  consequence  of  the  inflammation  of  the  paiis 
surrounding  the  tubercular  focus  the  latter  may  be  cast  off  under  suitable 
conditions,  but  the  typical  necrotic  destruction  of  the  tubercular  focus  ob- 
served by  Koch  in  animals  following  the  action  of  the  tuberculin  does  not 
appear  to  take  place,  as  a  rule,  in  man.  In  consequence  of  this  inflamma- 
tion of  the  surrounding  parts  the  tubercular  focus  in  lupus,  for  example,  be- 
comes very  much  swollen,  a  tubercular  joint  becomes  extremely  painful,  etc. 
The  constitutional  effect  of  tuberculin  observed  even  in  healthy  people  after 
the  administration  of  very  large  doses  consists  in  fever  and  the  other  well- 
known  febrile  constitutional  manifestations,  which  may  assume  a  threaten- 
ing character.  I  have  frequently  observed  a  rise  of  temperature  to  41"  C. 
(105.8°  F.)  and  higher,  and  a  pulse  of  180  to  200.  Examination  of  the  blood 
reveals  a  temporary  acute  leucocytosis  in  which  all  forms  of  the  white  blood- 
corpuscles  are  involved.  In  consequence  of  this  characteristic  effect  of  the 
tuberculin  upon  the  tubercular  focus  the  remedy  has  great  diagnostic  valne; 
only  in  exceptional  cases  does  the  typical  reaction  fail,  as  it  did,  for  instance, 
in  a  case  coming  under  my  observation  and  subsequently  operated  upon,  in 
which  there  was  tuberculosis  of  the  testicle  and  kidney.  The  typical  reac- 
tion is  occasionally  observed  even  in  people  seemingly  healthy,  and  then 
usually  means  a  latent  tuberculosis.  In  the  case  of  an  apparently  healthy 
medical  student,  I  observed,  after  subcutaneous  injection  of  the  tuberculin, 
a  marked  swelling  of  the  cervical  lymphatic  glands  and  high  fever;  the 
cause  of  this  proved  to  be  an  anatomical  tubercle  on  the  chin,  microscopical 
examination  of  which  after  extirpation  revealed  typical  tubercles. 

There  are  numerous  reports  upon  the  tuberculin  treatment,  particularly 
of  lupus,  but  permanent  cures  have  only  been  obtained  in  very  rare  instances, 
and  not  infrequently  the  tubercular  process  has  been  made  worse.  Unfor 
tunately  the  remedy  has  not  always  been  used  in  properly  selected  caset 
At  present  tuberculin  is  scarcely  employed  at  all  by  surgeons.  Though 
Robert  Koch  may  not  have  discovered  the  means  of  curing  tuberculosis  in 
man,  he  is  perhaps  upon  the  right  road  to  find  a  valuable  means  of  assistance 
in  the  treatment  of  tuberculosis,  particularly  in  its  early  stages.  The  condi- 
tions for  rendering  it  possible  to  cure  surgical  tuberculosis  are  most  favou^ 
able  in  those  cases  where  the  tuberculin  treatment  can  be  properly  combined 
with  the  operative. 

As  to  the  technique  of  the  method,  I  may  say  that  I  employ  small  doses 
and  not  too  frequent  injections,  preferably  under  the  skin  of  the  back.  I 
begin  witliout  exception  with  one  milligramme  of  tuberculin  for  adults  and 
half  a  milligramme  for  children,  once  or  twice  a  week,  gradually  increasing 
the  dose  to  0.01  to  0.10  gramme.  I  do  not  use  large  doses — for  example,  OiO 
to  0.50  gramme  or  more.  By  the  use  of  small  doses  once  or  twice  a  week  the 
marked  loss  of  weight,  occurring  so  easily,  is  prevented,  as  are  also  the 
harmful  constitutional  symptoms.  I  have  used  the  tuberculin  in  a  great 
number  of  cases  of  surgical  tuberculosis,  and  in  some  of  them  I  have  ob- 
served reuiarkable  improvement,  but  no  cures  either  in  lupus  or  in  any  other 
tuberculosis  of  soft  parts,  bones,  or  joints.     I  am  sorry  to  say  that  the  im- 
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proTements  were  only  temporary  in  their  nature,  and  many  cases  were  even 

nude  worse. 

The  question  whether  tuberculin  may  occasionally  favour  the  origin  of 

a  general  miliary  tuberculosis — that  is,  whether  tuberculosis  may  be  made 

leneral  throughout  the  body  by  using  the  remedy — cannot  be  answered  with 
oertainty.  but  the  possibility  of  this  must  be  admitted  (Virchow). 

Debt's  Tnberonlocidin. — Klebs  has  separated  from  the  curative  substances 
in  £ocb*s  tuberculin  those  which  are  noxious  (which  produce  the  necrosis) 
by  precipitation  with  platinum  chloride  and  phosphortungstic  acid  and  by 
the  addition  of  alcohol  to  the  residue.  The  medicinal  substance  thus  ob- 
tained, tuberculocidin,  which  belougs  to  the  peptone  group,  has  been  found 
by  Elebs  to  be  of  therapeutic  value. 

Antitllberoillar  SemUL — The  serum  of  animals  made  immune  to  tuber- 
culosis seems  to  have  in  part  similar  properties  to  tuberculin.  Maragliano 
inoculated  dogs,  asses,  and  horses  with  strong  toxines  of  the  tubercle  bacillus, 
and  employed  with  success  the  serum  of  these  animals  for  tuberculosis  in 
man.  It  is  to  be  hoped  that  the  time  is  not  far  distant  when  we  shall  possess 
an  effective  antitubercular  serum  which  can  be  injected  subcutaneously  in 
tubercular  subjects  in  the  same  way  as  the  antidiphtheritic  serum. 

Otntharidlltft  of  Fotawillin. — Liebreich  recommended  the  subcutaneous 
injection  of  the  cantharidate  of  potassium  (up  to  sixty  ^ammes)  ;  its  action 
is  the  same  as  that  of  tuberculin.  B.  Friinkel,  Heymann,  and  Landgraf 
likewise  obtained  satisfactory  results. 

In  this  connection  a  brief  description  should  be  given  of  tlie  nature 
and  treatment  of  scrofula. 

8eroflll& — By  scrofula  (from  scrofa,  hog)  is  understood  a  constitutional 
anomaly  without  anatomical  changes  that  are  capable  of  being  positively 
demonstrated.  It  is  characterised  by  a  striking  weakness  of  the  tissues,  or 
father  of  the  cells,  rendering  them  incapable  of  withstanding  injurious  influ- 
ences from  without  CJonsequently  we  observe  that  scrofulous  individuals, 
as  a  result  of  the  slightest  external  violence,  suffer  from  inflammations  of 
^ery  description,  which  may  involve  the  skin,  mucous  membranes,  or  lym- 
phatic glands.  Scrofulous  people,  as  we  have  remarked  before,  possess  a  pro- 
nounced predisposition  to  tuberculosis — that  is,  the  scrofulous  constitutional 
Anomaly,  with  its  local  acute  and  chronic  foci  of  inflammation,  is  an  excellent 
Soil  for  the  tubercle  bacillus.  The  relationship  between  scrofula  and  tuber- 
culosis has  been  very  frequently  discus.sed,  and  since  the  discovery  of  the 
tubercle  bacillus  the  connection  between  them  has  become  better  undei^stood. 
We  now  assunie  that  scrofula  has  nothing  to  do  with  true  tuberculosis  ;  it  is 
lather  a  constitutional  anomaly  by  which  infection  with  the  Bacillus  iuber- 
^osits  is  favoured. 

If  we  have  to  deal  with  a  cheesy  or  suppurative  lymphadenitis,  which  is 

to  often  observed  in  scrofula,  the  decision  as  to  whether  we  have  to  deal  with 

tuberculosis  or  not  is  made  solely  upon  the  demonstration  of  tubercle  bacilli. 

Ihe  same  tbing  holds  true  of  the  so-called  cold,  scrofulous  abscess  in  the  soft 

JMrts,  and  the  chronic  inflammations  of  bones  and  soft  parts.     I  am  of  the 

opinion  that  a  pseudo-tuberculosis  occurs  in  scrofulous  individuals  which  is 

MDalosoua  to  that  observed  in  animals,  which  was  d(\scril>ed  by  Eberth,  Ma- 
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lassez,  and  Yignal  (page  420) ;  it  runs  a  course  similar  to  true  tuberculosis, 
though  caused  by  other  micro-organisms  (cocci,  bacilli),  and  not  by  the  Bacil- 
lus tuherculosus  Kochii. 

The  scrofulous  diathesis  is  either  congenital  or  acquired,  as  a  result  of 
unfavourable  external  hygienic  conditions,  a  lack  of  proper  nourishment, 
living  in  bad  surroundings,  etc.  The  most  important  marks  of  scrofoli 
<K>nsist,  in  the  first  place,  of  a  series  of  manifestations  which  are  usually 
grouped  together  under  the  name  of  habitus  scrofulosus.  For  convenience 
we  distinguish  two  forms  of  scrofula :  the  irritable  and  the  torpid  form. 
Scrofulous  individuals  have  in  general  a  thin,  delicate,  transparent  skin; 
they  are  more  apt  to  be  blond  than  dark,  and  are  of  a  very  excitaUe 
temperament  (irritable  form).  In  the  torpid  form  of  scrofula  the  skin  ii 
more  puffed,  the  subcutaneous  fat  remarkably  well  developed,  and  the  ab- 
domen protruding.  But  all  these  manifestations  are  observed  without  scrof- 
ula, and  the  latter  first  becomes  evident  to  the  eye  when  local  inflamma- 
tory manifestations  make  their  appearance,  particularly  inflammations  d 
the  skin,  mucous  membranes,  and  glands.  Of  these  the  most  constant  are: 
Eczemas  of  every  description  which  are  so  common  ;  the  catarrh  of  the  throaty 
bronchi,  stomach,  and  intestines ;  the  pronounced  conjunctivitis,  blepbaro- 
adenitis,  and  keratitis.  The  lymph  glands  are  usually  swollen  and  enbirged, 
with  or  without  simultaneous  cheesy  degeneration.  This  is  particularly  the 
case  with  the  lymph  glands  of  the  neck  and  submaxillary  region,  where  great 
masses  of  enlarged  lymph  glands  may  exist.  In  this  way  the  neck  becomes 
very  plump,  and  merges  gradually  into  the  head  and  trunk,  as  in  pig&  Tbe 
old-fashioned  term  of  scrofula  was  derived  from  this  comparison.  In  this 
caseous  lymphadenitis  the  transitions  to  true  tuberculosis  are  very  common. 

Treatment  of  Scrofula.— The  treatment  of  scrofula  must  be  directed  first 
and  chiefly  towards  overcoming  the  existing  constitutional  anomaly,  particu- 
larly by  the  enforcement  of  proper  hygienic  rules — that  is,  by  taking  care  to 
supply  good  nourishment,  air,  and  light ;  by  proper  exercise  in  fresh  air;  by 
muscular  exertion  (gymnastics,  swimming),  etc.  A  residence  at  the  seaside 
is  particularly  to  be  recommended  in  scrofula.  This  does  not  have  a  specific 
effect ;  it  is  only  an  adjuvant  in  the  cure,  exciting  the  appetite  of  the  patieot 
and  thus  improving  his  nutrition.  The  diligent  use  of  salt  baths  (up  to  three 
per  cent.)  has  a  good  reputation  in  the  treatment  of  scrofula ;  they  should  be 
employed  daily,  or,  in  the  case  of  weak  individuals,  two  or  three  times  a  week 
and  for  ten  to  thirty  minutes.  Xreuznach,  Nauheim,  Oeynhausen,  BeicheD- 
hall,  and  Heilbronn  have  the  best  reputation  among  the  bathing  resoiti 
They  are  particularly  recommended  on  account  of  the  iodine  and  bromine 
contained  in  the  waters.  The  water  is  used  to  drink  as  well  as  to  bathe  in. 
The  administration  of  cod-liver  oil,  fifteen  to  twenty  to  thirty  grammes  a 
day,  particularly  in  winter,  is  likewise  recommended.  Cod-liver  oil  is  a& 
easily  digestible  fat  of  dietetic  importance.  Furthermore,  scrofulous  subjedi 
should  be  cautiously  toughened  by  degrees,  to  render  them  more  capabte 
of  withstanding  the  frequent  catarrhs  of  the  mucous  membranes.  EvtfT 
scrofulous  local  disease  sliould  receive  proper  treatment  In  the  mattor  of 
prophylaxis,  too  nmcli  emphasis  cannot  be  laid  upon  the  importance  of  pro 
teeting  scrofulous  children  from  contagion  with  tuberculosis,  and  from  in 
tercourse  with  those  who  have  the  latter  disease. 
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§  64.  Byphilu  {Lues). — By  syphilis  we  understand  a  chronic  infec- 
tiom  diaeaae  which,  according  to  recent  investigations,  is  most  prob- 
lUf  oiuBed,  like  tuberculosis,  b;  a  characteristic  fnngus.  By  the  trans- 
ference of  bacilli  to  apes,  Klebs  brought  about  inflammations  some  of 
«hieh  ran  a  course  similar  to  the  inflammation  in  syphilis,  others  to 
thit  in  tubercntosis.  Lustgarten,  under  Weigert's  guidance,  by  using 
■  ipecial  method,  succeeded  in  demonstrating  in  tissues  which  had 
imdeigoue  syphilitic  changes,  and  in  the  secretion  from  syphilitic  ulcere, 
I  particular  species  of  bacillus  (Figs.  339,  340)  which  is  morphologic- 
illj  similar  to  the  tubercle  bacillus,  but  diSers  from  it  in  sliape, 
more  frequently  occurring  in  a  slightly  carved  form,  with  knob-shaped 
enla^menta  at  its  ends.  It  also  differs  in  its  micro-chemical  behav- 
iour.   While  the  tubercle  and  lepra  bacilli,  which  are  also  brought  to 
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bacilli.     K  IfiiO  (Luntgartfia). 

Tiew  by  Lustgarten'e  method,  are  not  decolorised  by  hydrochloric  or 
nitric  acids  (or  only  after  being  subjected  to  them  for  a  long  time),  the 
TphiliB  bacilli  rapidly  part  with  their  stain  under  the  influence  of  these 
leida.  The  syphilie  bacteria,  as  yet,  are  not  distinguished  by  any  other 
ibwlotely  characteristic  stoning  reaction.  Lustgarten  never  found  the 
MJli  free  in  the  tissue,  but  always  inside  large  oval  or  polygonal  cells, 
^uefly  wandering  cells  (Fig.  339).  They  occur  here  either  singly  or  in 
Enmpaof  two  to  eight.  The  bacilli  can  usually  be  detected  only  in 
unsll  numbers ;  they  are  found  most  commonly  in  cover-glass  prepa- 
idona  (Fig.  340),  less  often  in  sections. 

XJEthod  of  Staintag  Syphilii  Bacilli— The  syphilis  bacilli  are  stained  by 
Artgarten  as  follows  :  The  thinnest  possible  sections  are  treated  with  aniline- 
ratiaii  violet  for  twelve  to  twenty-four  hours,  at  the  ordinary  room  tem- 
crature,  then  for  two  hours  longer  at  a  temperature  of  40°  C.  in  the  iticu- 
ilor,  waahed  in  absolute  alcohol  for  several  minutes,  then  for  about  tun 
couds  in  a  one  and-a-half- per-cenL  solution  of  permanganat*  of  potassium, 
■d  for  one  to  two  seconds  in  an  aqueous  solution  of  sulphuric  acid,  and 
so  washed  in  distilled  wat«r.    The  latter  three  slei>s  should  be  repeated 
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many  times  until  the  section  appears  completely  colourless,  then  it  is  treated 
with  alcohol,  oil  of  cloves,  and  xylol-Canada  balsam.  Cover-glass  prepara- 
tions are  treated  in  a  similar  way,  except  that,  after  staining  in  gentian  vio- 
let, distilled  water  is  used  instead  ot  absolute  alcohol,  and  the  separate  steps 
in  the  process  follow  one  another  more  rapidly.  De  Giacomi  stains  the  prep- 
arations in  Ehrlich's  aniline-water-fuchsin  solution,  and  then  treats  them 
with  a  cliloride-of-iron  solution. 

The  significance  of  Lustgarten's  bacilli  has  been  rendered  somewhat 
doubtful  by  Alvarez,  Tavel,  Matterstock,  and  others.  These  authors 
have  found  in  the  preputial  smegma,  and  in  the  secretion  between  the 
labia  majora  and  minora  and  about  the  anus,  bacilli  having  the  same 
appearance  and  the  same  staining  reaction  as  Lustgarten's  syphilis 
bacilli.  At  all  events,  the  etiological  importance  of  Lustgarten's  bacilli 
must  be  tested  by  further  investigation,  and  the  question  must  remain 
unsettled  as  long  as  it  continues  to  be  impossible  to  artificially  cultivate 
the  syphilis  bacteria  and  to  inoculate  them  successfully  upon  suscepti- 
ble animals.  By  far  the  greater  number  of  physicians  are  at  preeent 
of  the  opinion  that  syphilis  is  caused  by  a  specific  micro-organism,  but 
that  this  micro-organism  has  not  yet  been  discovered. 

Transmiflsioii  of  Syphilis  to  Animals.  —Disse  and  Taguchi  claim  to  hare 
found  in  the  blood  of  syphilitic  subjects,  partly  by  microscopical  examina- 
tion and  partly  by  Koch's  culture  methods,  spore-forming  bacilli;  by  inocula- 
tion of  which  upon  animals  they  have  excited  in  the  latter  syphihtic  disease. 
This  statement  must  be  regarded  with  suspicion,  as  should  be  the  analogous 
reports  of  Martineau  and  Hamonic  upon  positive  transmission  experiments, 
since  it  has  hitherto  been  the  common  experience  to  find  that  the  syphilitic 
poison  cannot  be  successfully  inoculated  upon  animals.  Furthermore,  the 
experiments  of  Klebs  relating  to  inoculation  upon  apes,  as  stated  before, 
yielded  doubtful  results. 

Origin  of  83rphili8. — Syphilis  originates  by  the  poison  being  directly 
transferred  from  one  individual  to  another,  particularly  during  coitus; 
less  frequently  it  is  extragenital  in  origin.     It  is  sometimes  hereditary. 
The  broad  condylomata  (moist  papules,  see  page  440)  are  the  most  fre- 
quent source  of  the  contagion.     It  is  doubtful  whether  the  contents  d 
the  gummata,  or  in  general  of  the  local  formations  of  the  tertiary  period 
of  syphilis,  are  infectious.    The  transference  of  syphilis  is  only  possible 
when  the  poison  is  inoculated  in  an  injured  spot,  in  some  interrnption 
of  continuity — for  instance,  of  the  most  superficial  layer  of  the  skin, 
which  may  often  be  very  insignificant.     The  syphilitic  poison  is  some- 
times inoculated  into  two  different  parts  of  the  body  at  the  same  time, 
so  that  two  primary  lesions  are  formed.    The  syphilis  poison  reproduceB 
itself  apparently  only  in  the  human  organism,  since  indisputable  inocu- 
lations in  animals,  as  stated  above,  have  not  hitherto  been  observed. 
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Extragenital  Hodea  of  Infectloii.— The  statistical  data  upon  the  frequem-y 
of  llie  propagjilion  of  syphilis  by  extragenital  infection  vary  greatly.  Ac- 
cording to  Miiucliheimer,  the  number  of  iiasesaf  extragenital  primary  lesious 
published  up  to  1897  was  10,265,  their  frequency  being  on  the  average  sis  to 
seven  per  cent.  Generally  speaking,  extragenital  infection  is  more  common 
in  women  than  in  men.  but  this  may  be  only  apparently  so,  as  primary 
lesions  on  the  female  genitals  are  often  overlooked.  According  lo  Jultieu 
and  Foumier.  an  extragenital  origin  of  sj'philis  in  men  occurs  in  from  live 
to  six  per  cent  of  the  cases ;  in  women,  on  the  other  hand,  in  from  twenty- 
five  to  twenty-six  per  cent.  Srefting  obtained  similar  figures  on  the  basis  of 
638  cases  (4.B  i>er  cent,  in  men  against  33.8  per  cent  in  women).  A»-ording 
to  Hahn,  of  6.368  male  syphilitics.  only  131  (2.05  per  cent),  and  of  7.141 
females,  IKS  (3.23  per  cent.)  showed  an  extragenibil  mode  of  infection. 
Mracek  (Siegmund's  clinic)  gives  au  extragenital  infection  of  one  per  cent 
for  men  and  fourteen  per  cent  for  women. 

The  different  portions  of  the  body  which  are  the  seat  of  the  primary 
extragenital  infection  of  syphilis  are,  in  the  order  of  frequency,  as  follows : 
Lips,  anus,  finger,  tongue,  breast,  abdomen,  leg,  palate.  The  comparative 
frequency  of  extragenital  infection  about  the  mouth  is  caused  by  kissing,  by 
drinking  utensils,  pi{>e-tips,  cigar-ends,  tooth-picks,  etc.  Finger  infection  is 
particularly  common  in  physicians  and  niidwives.  Byphilis  can  also  be 
transferred  by  the  primary  lesion  on  tlie  hands  of  physicians  and  inidwives 
to  their  patients  (Neisser).  It  is  not  infrequently  transferred  by  infected 
instruments — for  example,  in  dental  operations,  in  shaving,  etc.  It  is  un- 
doubtedly possible  that  syphilis  may  be  transmitted  by  vaccination.  Occa- 
sionnlly  an  entire  family  may  become  infected  by  a  syphilitic  nurse.  The 
minlea  of  extragenital  infection  are  very  varied ;  Bulkley  has  collected  over 
a  hundred.  I  doubt  the  usserlinn  that  syphilis  caused  by  extragenital  infec- 
tion runs  a  more  severe  course  than  that  due  to  genital  infection,  but  it  is 
true  that  the  extragenital  variety  is  usually  recognised  too  late.  This 
explains  the  family  epidemics  and  other  extensive  syphilis  epidemics. 

bUieritance  of  Byphilia.— The  question  as  to  whether  syphilis  can  be 
inherited  is  of  great  practical  imiwrt  Aa  a  matter  of  fact,  it  lias  been 
proved  that  it  can  be.  The  inheritance  of  syphilis  is  possible  in  two  differ- 
ent ways:  by  the  poison  attaching  itself  to  the  spermatozoon  or  the  ovum, 
or  by  the  healthy  fcctua  becoming  infected  from  the  blood  of  the  mother 
(intra- uterine  infection).  It  has  been  proved  that  syphilis  may  be  inherited 
in  the  first  of  these  two  ways,  and  it  apjwars  to  proceed  from  the  fatlier 
more  frequently  than  from  the  mother.  The  transmission  of  syphilis  bj- 
tho  father  alone — that  is,  by  the  spermalo^a— has  been  prove<l  by  llie  fact 
observed  by  many  authors,  such  as  Hebra,  Gerhurdt  Weil,  clc,  that  a  non- 
ayphilitio  mother  can  give  birth  to  a  syphilitic  child.  Tlie  intra-uterino 
infection,  on  the  contrary,  has  not  hitherto  been  denioiistrnted ;  hut  it  is 
tlieoreticaJly  conceivable  and  possible  for  a  woman,  who  becomes  syphilitic 
during  her  pregnancy,  to  infect  her  child  by  means  of  the  blood -channels. 
But  we  should  not  omit  to  say  that  Biircnspning  and  Kasaowitz,  particu- 
larly, have  vigorously  contested  the  possibility  of  this  intrauterine  infec- 
tion, on  the  ground  that  it  would  be  impossible  for  the  syphilis  poistm 
9  through  the  placenta.     As  a  matter  of  fact,  it  frequently  happens 
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that  women  with  recent  syphilis  give  birth  to  children  who  are  healthy  and 
remain  so. 

Still  another  question  is  of  great  practical  importance.  Can  a  syphilitic 
foetus,  originating,  for  instance,  from  syphilitic  spermatozoa,  infect  its 
healthy  mother  ?  Such  8u\  occurrence  is  contested,  like  the  above-meih 
tioned  intra-uterine  infection  of  the  foetus  from  the  mother,  and  as  a  mattff 
of  fact  it  has  not  as  yet  been  proved. 

The  recent  investigations  of  Birch-Hirschfeld  in  regard  to  the  question 
of  foetal  infection  are  exceedingly  interesting  (see  also  page  425).  As  he  hat 
maintained,  the  placenta,  under  normal  conditions,  is  impervious  for  finely 
divided  foreign  bodies  and  micro-organisms,  but  the  filter  may  become  pe^ 
vious  by  pathological  processes,  or  by  the  lodgment  in  it  of  micro-organifflu; 
so  that  then  bacteria  in  particular,  such  as  tubercle  and  anthrax  bacilli,  pes 
over  from  the  maternal  to  the  foetal  circulation,  or  rather  grow  through 
the  tissues. 

In  fresh  syphilis  of  the  parents  the  foetus  usually  dies  before  the  end  of 
pregnancy.  In  attenuated  late  syphilis  of  the  parents  the  child  is  morespt 
to  be  carried  to  full  term  and  then  born  with  manifest  signs  of  syphilis,  or 
the  syphilis  appears  soon  after  birth.  Occasionally  hereditary  syphilis  maka 
its  first  appearance  very  late,  as  Fournier  in  particular  has  recently  shown. 
Such  cases  of  syphilis  hereditaria  tarda  are  not  infrequently  confused  with 
scrofula  or  tuberculosis.  When  the  correct  diagnosis  is  made  in  such  casei^ 
remarkable  success  can  be  obtained  by  the  adoption  of  antisyphilitic  treat- 
ment. In  general  the  phenomena  of  congenital  syphilis  are  the  same  as  in 
the  acquired.  There  are  observed  the  same  tertiary  manifestations,  with 
serious  pathological  changes  in  the  skin,  the  viscera,  and  the  bones  (Pkurot, 
Lanuelongue).  It  is  important  to  note  that  deafness  or  difficulty  in  hearing 
occur  rather  frequently  in  hereditary  syphilis.  Syphilis  of  the  father  is  \m 
dangerous  for  the  children  than  that  of  the  mother ;  syphilis  of  both  parents 
is  the  most  dangerous.  The  mortality  among  children  with  syphilitic  mothflif 
who  have  not  been  treated  is,  according  to  Etienne,  enormously  high: 
seventy-six  per  cent  die  at  birth  or  are  stillborn,  and  over  ninety-five  per 
cent  of  the  few  that  are  born  alive  die  very  young.  Antisyphilitic  treatnuni 
of  the  syphilitic  mother  during  pregnancy  reduces  the  mortality  to  elefen 
to  sixteen  per  cent  (fitienne).  The  mortality  and  frequency  of  hereditaiy 
syphilis  is  particularly  marked  in  the  children  of  prostitutes  (Werner). 

When  can  a  S3rpliilitic  Individoal  Many  ?— The  question  as  to  the  duit- 
tion  of  the  contagious  period  of  syphilis  has  been  answered  very  difFei^ntlj. 
In  my  opinion  it  is  impossible  to  fix  the  length  of  this  period,  and  the  ques- 
tion as  to  when  a  syphilitic  individual  can  be  given  permission  to  marry  is 
diflicult  to  answer.    In  the  great  majority  of  cases  the  contagiousness  is  loii 
after  three  to  four  years  of  proper  treatment    But  it  has  frequently  hap- 
pened that  wives  have  been  infected  by  secondary  syphilides  six  to  ten  to 
fifteen  and  even  seventeen  years  after  the  primary  lesion  (Feulard).    The 
prt^disposition  of  the  infected  individual  is  of  great  importance.    Irritations 
of  the  mucous  membrane — e.  g.,  of  the  mouth  from  smoking— predispoiB 
to  the  formation  of  mucous  patches  which  are  very  infectious.    For  this 
reason  it  is  well   to  be  cautious  in   granting  syphilitica,  who  are  hetv^ 
smokers,  permission  to  marry  (Feulard). 
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Symptomi  and  Course  of  STpMUs. — If  we  grant  that  sypluli^  ie  an 
infectiouB  bacterial  disease.  it<*  maiiifestatious  will  be  caused  partly  by 
the  micro -organ  isms  themeelves  and  partly  by  the  toxines  which  they 
form.  SyphiHs  begins  with  the  appearance  at  the  point  of  infec- 
tion of  the  so-called  syphilitic  iuitial  sclerosis,  or  Hunter's  indura- 
tion, or  the  hard  chancre.  This  specific  formation  is  usually  first 
capable  of  demonstration  two  to  four  weeks  after  infection,  though 
sometimes  sooner-  The  primary  sj-philitic  initial  sclerosis  is  generally 
a  hard  (indurated),  painless  (indolent)  nodule,  which  gradually  increases 
in  circumference  and  then  most  commonly  changes  into  an  ulcer.  In 
this  way  ulcers  are  formed  with  a  hard,  parchment-like  base,  or  the 
order  is  reverserl,  and  a  vesicle  develops  first,  which  ulcerates  and  then 
indurates.  Often  enough  tlie  syphilitic  initial  infection  is  so  small 
that  it  is  easily  overlooked,  particnlarly  in  women,  and  the  secondary 
manifestations  occurring  after  a  certain  length  of  time  are  the  first  indi- 
cation that  syphilitic  infection  has  taken  place.  The  primary  lesioa 
io,  as  a  rule,  single,  but  multiple  ones 
are  occasionally  observed.  Only  in 
rare  instances  is  the  syphilitic  pri- 
mary infection  complicated  by  pha- 
gedeenic  changes — that  is,  by  spread- 
ing gangrene. 

The  microscopical  examination 
of  the  syphilitic  initial  sclerosis,  or 
of  the  primary  syphilitic  scleroma, 
shows  that  we  have  to  deal  essen- 
tially with  a  collection  of  round  cells, 
epithelioid  cells,  and  occasionally 
giant  cells  (Fig.  341).  These  cells 
break  down  after  a  certain  length  of 
time,  giving  rise  to  an  ulcer ;  finally, 
the  disintegrated  cells  are  absorlied,  and  cicatrisation  occurs.  The  chief 
element  in  the  primary  lesion  consists  in  the  formation  of  a  chronic 
inflammatory  infiltration  of  cells  with  subsequent  cellular  proliferation 
in  the  walls  of  the  lymphatics  and  veins,  with  corresponding  thicken- 
ing of  the  same  (Rieder).  A  similar  proliferation  of  cells  takes  place 
later  in  the  arteries  (syphilitic  endarteritis,  see  page  440). 

Six  to  eight  weeks  after  the  infection,  or  later,  the  constitutional 
Rumifestations  of  syphilis  make  their  appearance,  and  are  duo  to  the 
fact  that  the  poison  has  been  taken  into  the  circulation  from  the 
primary  focus  of  infection  and  carried  through  the  entire  body.  The 
twelfth  day  is  the  earliest  period  at  whicli  the  outbreak  of  the  consti- 
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tutional  manifestations  has  hitherto  been  observed.  OccasioDaDy  the 
constitutional  symptoms  occur  very  late — for  instance,  in  cases  seen  bj 
Giinz  and  Rinecker,  one  hundred  and  thirty  and  one  hundred  and 
iifty-nine  days  respectively  after  infection.  Of  the  symptoms  of  syph- 
ilitic constitutional  infection,  the  first  to  occur  is  an  enlargement  of  the 
lymph  glands  in  different  parts  of  the  body ;  for  example,  in  the 
inguinal  region,  at  the  elbow,  in  the  neck,  etc.  They  can  readily  be 
made  out  by  palpation.  Then  the  skin  and  mucous  membranes  be- 
come diseased.  We  observe  spotted  (macular)  or  nodular  (papular), 
exfoliating  (desquamating)  or  large  tuberous  eruptions  of  the  skin; 
also  cutaneous  ulcers,  ulcers  on  the  palate,  the  lips,  tongue,  anus,  etc. 
Occasionally  the  spots  upon  the  skin,  particularly  in  women,  have  a 
whitish  character  (leucoderma  syphilitica).  In  conjunction  with  a 
severe  syphilitic  exanthema  there  is  sometimes  observed  a  circum- 
scribed atrophy,  or  thinning  of  the  skin,  in  the  form  of  bluish-coloured 
areas,  in  which  the  cutis  forms  very  small  folds.  Following  the  above- 
mentioned  manifestations  in  the  skin  and  mucous  membranes,  there 
occur  later  syphilitic  diseases  of  the  internal  organs,  particularly  the 
testicle,  liver,  brain,  bones,  joints,  muscles,  and  peripheral  nervea 
The  cutaneous  eruptions  are  sometimes  accompanied  by  jaundice  and 
enlargement  of  the  liver.  Among  the  bones  most  commonly  affected 
are  those  of  the  skull,  the  tibia,  and  the  sternum.  In  the  skull  andnoee, 
as  we  shall  see  in  Regional  Surgery,  there  occur  very  characteristic 
losses  of  substance.  The  syphilitic  diseases  of  the  central  nervons 
system  and  of  the  peripheral  nerves  are  of  great  practical  import- 
ance. Degeneration  of  the  posterior  columns  of  the  cord  (tabes)  is  ob- 
served in  syphilitic  subjects  particularly  (Erb).  The  syphilitic  poison  \ 
may  be  deposited  in  all  the  organs  and  in  every  tissue  and  excite  chronic  j 
inflammatory  processes  of  various  kinds,  especially  in  the  walls  of  the  . 
vessels,  in  the  form  of  a  syphilitic  endarteritis,  in  which  there  is  a  ^ 
thickening  of  the  wall,  particularly  of  the  intima,  and  a  narrowing,  or  ^ 
even  closure,  of  the  lumen.  The  syphilitic  endarteritis  and  arterio-  J 
sclerosis  also  give  rise  to  dilatation  (aneurism)  of  the  larger  arteries, 
particularly  the  aorta.  In  other  parts  there  are  produced  by  the  syph- 
ilitic inflammation  either  circumscribed  growths  or  diffuse  inflammatoij 
infiltrations,  with  a  tendency  towards  cicatricial  formation.  Among 
the  eircumseribcd  npeeific  formations  of  syphilis  should  be  mentioned, 
first  of  all,  the  gumma  (Virchow),  which  is  also  called  syphiloma  (t 
Wagner),  and  tlie  broad  condyloma  {condyloma  latum).  The  syphilom- 
ata,  gummata,  or  gumma  tumours,  so  called  on  account  of  their  cha^ 
acteristie  elastic  property,  are  observed  especially  in  the  testicle,  liver, 
spleen,  meninges,  periosteum,  the  marrow  of  the  bones,  and  occagionaBj 
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iluin  the blood-veseels ( Vircliow, Bauuigarteii,  and  Langenbeek).    Tliey 

ire  either  jelly-like  formatioDs,  with   few  cellt<,  or   nodes  made   up 

krgelj  of  cells,  and  more  or  leas  like  granulatiou  tiBsue,  with  the  single 

difference  that  the  new 

formation  of  veseele  is 

nry  limited.     By  the 

lire&king  down  of  the 
gommatoDS  nodes  ex- 
temve  ulcerations  oc- 
tuooally  result,  par- 
tjculsrlj  in  the  skin. 
The  majority  of  tu- 
moars  which  make  tlieir 
appearance  in  the  mns- 
cles  are  of  Bjphilitic 
origin.  The  muscular 
iipbiloma  has  a  predi- 
lection for  the  stemo- 
mastoid,  which,  accord- 
ing to  F.  Katewski,  is 
kSected  in  one  third  of 
all  the  cases.  In  other 
tuet  the  myositis  syphi- 
litica is  diffuse.  Many  of  the  so-called  "rheumatic  muscular  thicken- 
ings" can  be  referred  to  syphilitic  processes  (Bramau).  The  broad 
condyloma  is  found  particularly  about  the  vulva  and  the  anus.  It  pre- 
ients  itself  in  the  form  of  a  papillary,  moist  induration  of  the  skin  or 
mncons  membranes,  eaosed  by  serous  trausudation  and  cellular  in6I- 
tration  of  the  conum  or  mucous  membrane.  The  tendon  sheathe  are 
Dniy  rarely  diseased  in  syphilis.  This  occurs  in  the  early  period  in  the 
fom]  of  acute  and  subacute,  serous  or  serofibrinous  effusions  (hydrops 
ffsdinumX  ^^  later  as  a  gummatous  teuo -synovitis  with  the  formation 
)f  painless  nodes  (Schuchardt). 

The  sypliilitic  diseases  of  joints  (see  also  Diseases  of  Joints)  which 
)ccnr  in  the  later  stages  of  syphilis  are  particularly  interesting.  Ana- 
omically  they  sometimes  take  the  form  of  circumscribed  ulcerations 
>r  carious  processes,  fibrillations  of  the  cartilage  with  the  formation  of 

illoDS  excrescences,  and  sometimes  a  proliferation  of  connective  tis- 
ne  or  cicatricial  tissue  in  thu  form  of  bands,  or  more  difFuse  growths. 
Tie  ulcerative  or  carious  processes  are  essentially  due  to  the  gumma- 
)ag  infiltrations,  and  the  cicatricial  tissue  is  the  final  result  of  inflam- 
adtms  of  this  sort. 
81 
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Extensive  lieemorrhages  are  observed,  particularly  in  hereditaiy 
syphilis,  as  the  resalt  of  local  diseases  of  the  vessels  and  the  parenchyma 
(Mracek,  syphilis  hijRifnorrha^ica  n£on<itorum). 

All  these  diverse  manifestations  of  syphilis  which  have  been  so 
briefly  outlined  c^n  be  divided  into  three  stages. 

The  first  stage  includes  the  incubation  period  of  syphilis — that  is, 
the  formation  of  the  local  syphilitic  sclerosis  or  the  Hnnterian  indura- 
tion at  the  point  of  infection. 

The  second  stage  begins,  some  six  to  eight  weeks  after  the  infec- 
tion, with  the  occurrence  of  the  first  constitutional  manifestations 
(swelling  of  the  lymph  glands,  a  macular,  papular,  or  scaly  eruption  on 
the  skin  and  mucous  membranes),  which  are  accompanied  by  more  or 
less  fever.  The  other  cutaneous  affections  for  the  most  part  appear 
two  to  three — less  often  four  to  six — months  after  the  infection.  Ac- 
cording to  Siegmund,  syphilis  can  be  stamped  out  at  this  stage  by 
proper  treatment  in  about  forty  per  cent,  of  all  cases. 

The  third  stage  is  characterised  by  the  occurrence  in  the  different 
organs  of  gummatous  forms  of  inflammation. 

Still  a  fourth  stage  can  be  added  if  so  desired,  including  the  syphi- 
litic atrophy  and  the  syphilitic  marasmus.  In  general,  the  severe 
form  of  syphilis  passing  through  all  the  different  stages  occurs  when 
the  disease  does  not  receive  proper  care  and  suitable  treatment.  Not 
infrequently  cases  are  observed  which  run  a  decidedly  malignant 
course  {syphUis  Tnaligna).  The  term  malignant  syphilis  has  been  nn- 
derstood  in  very  different  ways.  Two  varieties  can  be  differentiated 
according  to  the  form  of  the  disease,  and  the  situation  of  the  local 
manifestations.  The  really  malignant  form  of  the  disease  is  character- 
ised by  a  severe  acute  course  with  phagedenic  changes  in  the  primary 
lesion,  multiple  pus  foci,  severe  pustular  eruptions  in  the  skin,  etc; 
this  may  be  due,  according  to  Tamowsky,  to  a  mixed  infection  with 
staphylococcus  or  other  bacteria.  MaUgnant  syphilis  may  in  other  cases 
be  characterised  by  the  early  appearance  of  tertiary  symptoms,  partic- 
ularly in  the  internal  organs.  The  occurrence  of  this  form  is  said  to 
be  favoured,  in  Russia,  by  chronic  malaria.  Syphilis  can  also  run  a 
malignant  course  by  attacking  vital  organs  at  an  early  period. 

The  Changes  in  the  Blood  in  Syphilis,  according  to  Biegadski  and  othea 
consist  in  a  marked  leucocytosis  which  is  due  essentially  to  an  increase  in 
tlie  num])er  of  the  leiicooytos.  According  to  Reiss.  the  red  corpuscles  di- 
minish in  number  ])ut  little  during-  the  primary  stagfe.  but  more  rapidly  aftar 
the  appearance  of  the  constitutional  symptoms,  and  also  during  the  first  p«H 
of  tlie  mercurial  treatuK^nt :  the  percentiige  of  haemoglobin  falls  constanttf 
from  the  first  week  of  the  primary  lesion.    Under  the  mercurial  treatment 


[]je  number  of  red  corpuscles  and  the  amount  of  hiBoioglobin  in  the  blood 
iiiiTeuse  a^in,  and  tlie  leui^ocytosis  becomes  diminished. 

Syphilitio  Albuminuria. — Syphilitic  lesions  of  the  kidney  are  not  fre- 
quent, and  the  albuminuria  that  occurs  in  the  course  of  syphilis  can  be  the 
result  also  of  the  mercurial  treatment  (Welander).  The  syphilitic  albumi- 
nuria is  occasionally  observed  nt  the  beginning  of  the  second  stage,  and  is 
usually  completely  ajid  permanently  cured  by  anlisjpbilitic  treatment.  A 
second  form  of  syphilitic  ulbuiuiuuria.  occurring  in  the  later  stages  of  syphi- 
lis, is  mure  unfavourable;  it  generally  marks  the  beginning  uf  a  chronic 
nephritis  (Horteluup). 

Byphilitio  Dental  Sefonnities.— Hutchinson,  in  particular,  has  directed 
atlenlion  to  the  syphilitic  deformities  o[  the  teeth  in  congenital  syphilis. 

Syphilitic  FBeudo-paralyKi. —  Syphilitic  pseudo-paralyses  are  observed, 
according  to  Parrot  and  others,  for  the  moat  part  in  children  two  to  three 
months  old.  Usually  the  children  are  suddenly  unable  to  move  the  aifect- 
ed  extremity,  most  frequently  the  upper ;  the  extremity  is  painful,  and  gen- 
erally in  the  region  of  an  epiphysis — the  lower  epiphysis  of  the  humerus,  for 
example — a  diffuse  swelling  atid  slight  crepitation  can  be  made  out  The 
sensibility  and  the  electrical  excitability  of  the  muscles  are  intact  The  An- 
gers can  be  mo%'ed  a  little.  Generally,  after  a  certain  iMigtb  of  time,  often  a 
few  days,  the  other  upper  extremity  becomes  diseased.  There  may  be  no 
other  iudieationa  of  sypbilia,  but  usually  traces  of  past  syphilis  are  present 
in  the  parents.  Complete  recovery  ordinarily  ensues  in  from  two  to  three 
months  under  antisyphilitic  treatment  with  small  doses  of  mercury. 

FarHSyphilitio  Afiections. — Under  the  name  of  parasypbilitic  affections 
Foumier  in  particular  has  desoribed  such  lesions  occurring  m  the  course  of 
syphilis  which  have  an  undoubted  etiological  connection  with  syphilis,  but 
are  not  really  of  syphilitic  nature,  and  do  not  react  to  a  specific  treatment 
These  affections  include  leucoderma,  various  disturbances  of  the  central 
nervous  system  and  peripheral  nerves,  trophic  disturbances  of  the  muscles, 
bone.  etc. 

Syphilis  and  Carcinoma. — Occasionally  syphilis  is  observed  complicated 
by  carcinoma— i.  e.,  syphilitic  tissue  productions  become  the  seat  of  a  carci- 
noma and  then  present  important  difficulties  in  diagnosis  which  are  best 
solved  by  careful  microscopical  examination  and  antisyphilitic  treatment 

The  combination  of  syphilis  with  tuberculosis  is  discussed  on  page  421. 

The  courne  of  xyphilis  is,  in  general,  very  chronic.  It  often  hap- 
pens that  the  syphilis  remains  latent  for  a  number  of  years  and  then 
breaks  out  afresh  mtU  severe  manifestations.  After  an  interval  of 
twenty  to  forty  yetirs  local  tertiary  manifestations  soinetiiiies  appear, 
particularly  in  the  skin,  the  central  nervous  system,  and  bones.  The 
syphilitic  poison  lias  great  powers  of  resistance,  as  Foumier  in  par- 
ticular has  shown  by  numerous  ohaervatione.  Among  patients  with 
diseases  of  the  bniin  and  spinal  cord,  we  tind  a  great  number  wlio  liave 
previously  had  syphilis  and  Iiad  apparently  recovered.  Watraszewski 
!ia«  stateii  that  injuries  to  the  head  or  brain,  which  happen  Iwfore  or 
after  syphilis  U  acquireii,  prediei>0Be  to  the  occurrence  of  Byphilis  of 
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the  brain  early  in  the  disease.  What  appear  to  be  malignant  tumoun 
not  infrequently  prove  to  be  gummata,  which  appear  many  years  after 
an  attack  of  syphilis  that  has  apparently  been  cured. 

Immunity  from  Syphilis. — In  general  one  can  only  be  attacked  bj 
syphilis  once ;  that  is,  a  patient  who  has  once  been  infected  becomw 
unsusceptible  to  the  poison — ^in  other  words,  immune.  The  immunity 
exists  from  the  time  the  syphilitic  enlargement  of  the  glands  takes 
place — indeed,  as  a  rule,  from  the  time  when  the  primary  initial  sclero- 
sis first  appears  (L.  Iludels),  and  generally  lasts  till  the  death  of  the 
individual  in  question.  Those  who  have  completely  recovered  suffer 
only  in  rare  instances  a  reinfection,  as  in  other  acute  infectious  diseasea, 
and  these  reinfections  are  not  unjustly  doubted  by  various  authors. 

The  Soft  Chancre. — The  so-called  soft  chancre  (ulcus  niolle,  see  Regional 
SurgerjO,  unlike  tlie  primary  syphilitic  scleroma,  the  hard  chancre,  is  a  local 
ulcerative  process  which  usually  occurs  on  the  glans  penis,  the  foreskin,  vulva 
or  labia,  and  may  lead  to  infiammation  and  suppuration  of  the  lymph  glands 
but  never  produces  the  characteristic,  syphilitic,  constitutional  infection 
There  has  been  much  discussion  between  two  parties — the  unitarians  andth< 
dualists — as  to  the  relationship  of  the  soft  chancre  to  syphilis.  At  present  tlu 
dualistic  view  is  the  most  generally  accepted — that  is,  that  the  soft  chancn 
is  an  ulcerative  process,  remaining  local,  and  has  nothing  to  do  with  syphilis 
But  Weighty  authorities  including  Hebra,  Auspitz,  Reder,  and  Kassowitz,  stil 
insist  upon  the  unity  of  the  two  processes.  This  is  not  the  place  to  enter  mon 
minutely  into  the  discussion,  and  we  shall  oiily  state  that  we  also  share  Um 
dualistic  teachings  advanced  particularly  by  the  French  physicians,  and  w 
lay  particular  stress  upon  the  fact  that  the  chief  means  of  distinguishing  be 
tween  the  hard  and  soft  chancre  is  not  the  difference  in  hardness,  since,  Ui 
matter  of  fact,  the  so-called  soft  chancre  may  also  show  induration,  but  that 
the  difiFerence  in  the  clinical  behaviour  is  the  single  and  only  means  of  irre 
f  utably  proving  that  the  primary  syphilitic  scleroma  and  the  ulcerated  chin 
ere,  which  remains  local,  have  nothing  to  do  with  one  another.  It  is  mainl} 
the  long  period  of  incubation  of  the  hard  chancre,  and  the  impossibilitj  o> 
auto-infection,  which  constitute  the  differences  between  it  and  the  localiaec 
soft  chancre.  The  latter  does  not  have  this  long  incubation,  and  is  capabli 
of  being  inoculated  upon  other  portions  of  the  bearer's  body. 

Gtonorrhoea. — Gonorrhoea  (see  Regional  Surgery)  also  has  nothing  to  d< 
with  syphilis.  Gonorrhoea  is  either  a  simple  or  an  infectious  catarrh  o 
the  urethra  or  of  the  genital  tract,  and  is  produced  by  a  micrococcua,  tb 
so-called  gonococcus,  first  discovered  by  Neisser.  Neisser  himself  states  Un 
not  every  case  of  gonorrhoea  is  due  to  this  coccus,  but  that  there  is  al» 
gonorrhoea  wliich  is  not  a  specific  infection.  Bockhardt  excited  gonorriwB 
with  pure  cultures  of  the  gonococcus  in  a  paralytic  patient  during  the  tenn 
nal  stage  of  his  cerebral  disease. 

Treatment  of  Syphilis — Treatment  of  the  Syphilitic  Primary  Inftetio 

— If  syphilis  is  a  bac^terial  disease,  as  it  undoubtedly  is,  it  would  see 
a  necessary  part  of  the  treatment  to  extirpate  the  place  of  primi 
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infection — ^that  is,  the  chancre — as  soon  as  possible ;  and  consequently 
hmer,  Banmler,  and  others  have  recently  proposed  a  treatment  of 
this  sort  in  order  to  prevent,  or  at  least  to  modify,  the  constitutional 
manifestations  by  removal  of  the  primary  germ  focus.  On  the  other 
knd,  the  propriety  of  excising  the  primary  syphilitic  scleroma  has 
been  contested  on  the  ground  that  this  syphilitic  primary  infection  is, 
after  it  has  made  its  appearance,  the  expression  of  a  constitutional 
diflease,  and  consequently  its  extirpation  is  of  no  avail.  I  consider  this 
view  incorrect ;  it  contradicts  our  present  knowledge  of  the  origin  of 
constitutional  disease  from  a  primary  focus  of  infection.  Like  Neisser, 
Banmler,  and  others,  I  also  try  to  destroy  the  primary  point  of  infec- 
tion in  syphilis  by  excision,  by  the  galvano-cautery,  etc.,  in  every  suit- 
able case  as  early  and  as  energetically  as  possible,  before  the  manifesta- 
tions of  the  constitutional  syphilitic  disease  make  their  appearance.  It 
ia  only  by  very  early  excision  of  the  primary  lesion  that  it  is  possible 
to  prevent  the  outbreak  of  the  general  infection.  I  treat  every  sus- 
picions ulcer  in  the  same  way,  even  when  its  syphilitic  character  has 
not  been  rendered  certain.  Baumler  is  right  in  recommending  the  re- 
moval of  the  already  infected  glands  in  suitable  cases  in  addition  to  the 
excision  of  the  primary  lesion.  Syphilitic  ulcerations  which  appear 
later  are  best  treated  with  dusting  powders,  particularly  iodoform,  der- 
matol,  oxide  of  zinc,  bismuth,  or  boric  acid,  after  previously  cauterising 
them  with  solutions  of  carbolic  acid  (1  to  2  alcohol)  or  chloride  of  zinc 
(1  to  8),  caustic  potash,  formalin  10  to  40  per  cent.,  etc.  Washings  with 
bichloride  of  mercury  (0.1  to  100  water),  three-per-cent.  solutions  of 
carbolic  acid,  etc.,  are  also  to  be  recommended.  The  rest  of  the  treat- 
ment for  local  syphilitic  disease  is  conducted,  as  far  as  necessary,  ac- 
cording to  general  surgical  principles. 

Treatment  of  the  Syphilitic  Constitutional  Infection. — For  the  treat- 
ment of  the  syphilitic  constitutional  infection  we  have  two  remedies  at 
onr  disposal :  mercury  and  iodine.     Opinions  differ  as  to  the  value  of 
Aese  substances.     According  to  my  own  experience,  mercury  should 
be  used  in  the  early  period  of  constitutional  syphilis,  and  later  on  iodine 
and  mercury  in  alternation.     There  is  some  difference  of  opinion  as  to 
when  the  mercurial  treatment  should  begin.     Some  authorities  claim 
that  it  should  be  begun  as  soon  as  the  primary  lesion  appears,  while  others 
wait  for  the  constitutional  symptoms,  e.  g.,  the  glandular  enlargements. 
In  ease  the  diagnosis  is  certain  the  treatment  may  begin  early — by  way 
3f  prevention,  as  it  were,  and  in  this  case  the  diseapc  not  infrequently 
Tins  a  very  mild  course.     The  methods  of  administering  mercury  are 
ly  inunctions  of  ungt.  hydrare:.,  by  subcutaneous  injections  of  the  salts 
f  mercury,  and  by  the  internal  use  of  mercurials. 
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Of  the  different  methods  of  treating  syphilis,  the  best  in  my  expe- 
rience is  the  inunction  of  ungt.  hydrarg.  It  is  of  the  greatest  impor- 
tance that  the  inunction  treatment  should  be  carried  out  systematicallj, 
as  good  results  can  only  be  secured  in  this  way  and  a  cure  goaranteei 
In  the  treatment  by  inunction,  three  to  live  grammes  (in  adults)  of  blue 
ointment  are  rubbed  daily  into  different  areas  of  skin  for  about  twenty 
minutes,  following  a  definite  order  (both  arms,  the  thigh,  the  forearma, 
the  legs,  chest,  aMomen,  and  back).  After  all  portions  of  the  body 
have  been  inuncted,  the  patient  then  takes  a  bath  and  begins  the  in- 
unctions anew,  following  the  same  order.  The  ointment  must  be 
rubbed  in  over  as  large  a  skin  surface  as  possible,  and  in  order  thattbe 
patient  may  also  breathe  in  the  vapour  of  the  mercury,  he  should  re- 
main in  the  same  room  for  some  time,  wear  warm  clothing,  etc.  I 
usually  employ  three  grammes  for  each  of  the  first  ten  sittings,  four  for 
the  next  ten,  and  five  grammes  for  each  of  the  next  ten.  The  mouth 
must  l>e  kept  scrupulously  clean,  to  avoid  a  mercurial  stomatitis.  The 
teeth  must  be  cleaned  many  times  a  day  with  a  soft  toothbrush  wrapped 
in  mull,  using  tooth-powder  and  water.  Every  two  to  three  hours  the 
patient  should  gargle  his  throat  with  a  one-  to  two-per-cent.  solution  of 
chlorate  of  potash,  boric  acid,  etc.  Smoking  should  be  absolutely  for- 
bidden. If,  in  spite  of  all  this,  signs  of  stomatitis  appear,  greater  care 
must  be  bestowed  upon  the  mouth,  or  eventually  the  dosage  of  mercuij 
diminished  or  the  mercury  stopped  entirely.  Unna  recommends  for 
inunctions  a  preparation  of  mercury,  lard,  and  green  soap,  which  after 
being  put  on  the  area  of  skin  in  question  is  rubl)ed  in  with  the  hand, 
which  is  dipped  in  hot  water  4  to  5  times.  He  claims  that  this  soap 
has  a  prompter  and  stronger  action  and  does  not  soil  the  underclothes. 

For  subcutaneous  injection  with  the  hypodermic  syringe  various 
double  salts  are  used,  such  as  mercuric  chloride,  sodium  chloride 
(hydrarg.  chlor.  corros,  0.1,  sodii  chlor.  1.0,  aq.  destil.  10.0,  one  half 
to  one  syringef ul  a  day),  or  albuminate  compounds  of  mercuric  chlo- 
ride; 0.1  gramme  of  the  selected  compound  is  injected  daily  into  dif- 
ferent portions  of  the  body,  particularly  the  breast  and  back,  or  intra- 
muscularly in  the  gluteal  region.  The  injections  which  used  to  be 
given  daily  were  very  inconvenient,  and  they  are  at  present  made  lew 
often — every  five  to  eight  days,  for  example — and  preference  is  given 
to  tlie  use  of  insoluble  salts  of  mercury,  particularly  calomel,  hydrarg. 
oxidum  iiavum,  etc.,  which  are  best  injected  intramuscularly  in  the 
gluteal  region.  Injections  of  calomel  (0.05  to  0.2  gramme)  in  glycer- 
ine, oil,  or  salt  water,  jit  intervals  of  four  to  eight  days,  are  used  very 
fre(|uently.  Kopp,  Struni])ell,  and  others  recommend  injections  of  an 
emulsion  of  (jalomel  in  water  with  sodium  chloride  (calomel  vap.  paral 


5,0,  8od.  chlor.  1.25,  aq.  <Jesti].  50.0,  one  gramme  to  be  injected  once  a 
week,  altogether  four  to  six  times).  Calomel  oil  (1  to  10)  is  exceedingly 
good,  two  sjriiigefuls  on  tlie  tiret  day,  and  two  more  fourteen  days  after- 
wards, or  every  eight  days  one  syringefiil  (0,1  gramme  calomel ;  Neis- 
eer,  Doutrelepont,  Bergmauu).  Prochorow  ret-ommenda  one  to  two  per 
cent-  cyanide  of  raercnry  (one  hypodermic  eyringef  ul — altogether  about 
twenty  to  twenty-live  injectione).  Mention  should  be  maile  of  the 
following  methods  of  injection  :  Hydrarg.  oxid.  nigr,  or  hydrarg.  oxid. 
mbr.  laevig.  1.0,  gummi  arab.  0.50,  aq.  destil.  10.0,  or  1  to  10  ol.  oliv. ; 
a  syringefal  of  this  to  be  injected  altogether  three  to  five  to  seven 
times  at  intervals  of  a  week.  In  a  similar  manner  use  is  made  of  the 
very  excellent  hydrarg.  oxid.  ilav.  1.0,  gummi  arab.  0.25,  a*^,  destil.  30, 
or  1  to  30  ol.  amygdal.  or  olivte  (Striimpell),  every  week  a  syringefal 
in  the  gluteal  region,  four  to  six  to  eight  times.  These  injections  are 
not  so  painful  as  calomel  injections,  and  the  formation  of  abscesses  is 
more  easily  avoided.  £.  Lang  has  practised  injections  for  many  years, 
with  the  best  results,  with  oleum  ciiiereum— i.  e.,  a  fifty-per-cent.  mix- 
ture of  bine  ointment  with  lanolin  and  olive  oil.  Every  five  to  eight 
days,  0.1  to  0.15  of  a  cubic  centimetre  of  the  ointment  is  injected  in 
the  back  or  rump.  The  tbymolate  and  the  salicylate  of  mercury  have 
been  used  a  good  deal  for  injections— e.  g..  hydrargyri  salicyli  0.20, 
mncil.  gummi  arab.  0.30,  aq.destitlat.  60.0,  six  to  twelve  injections  at  in- 
tervals of  two  to  three  days.  Injections  of  the  salicylate  are  souietimee 
followed  by  a  rise  of  temperature,  nigiit-sweats,  polyuria,  and  other 
secjuelie.  Leiclitenstern  and  Eich  observed  recurrences  in  more  than 
thirty  per  cent,  of  the  cases  treated  by  the  salicylate  of  mercury,  and 
in  some  of  these  cases  the  recurrence  took  place  soon  after  the  comple- 
tioQ  of  the  euro.  Lassar  reconiraends  for  severe  forma  of  syphilis  in- 
jei?tions  of  five  per  cent,  bichloride.  The  mercurial  injections  are 
somewhat  painful,  and  must  l»e  made  by  the  physician  himself  and 
nnder  antiseptic  precautions,  in  order  to  prevent  the  formation  of 
sliscessee.  The  injection  metboti  is  a  very  convenient  one  for  dis- 
pensary and  private  practice,  but  I  doubt  whether  it  is  as  etHcacious  as 
tlie  inunction  treatment.  In  my  experience,  recurrences  are  more  com- 
mon after  the  injection  treatment  tJian  after  the  inunction  method. 
The  action  of  the  insoluble  salts  in  particular  is  weaker  and  not  so  last- 
ing, and  yet,  in  spite  of  this,  poisoning  is  not  infrequently  obser^•ed. 
In  a  few  ea^es  injections  of  insoluble  salts  of  mercury  have  been  fol- 
lowe<l  by  pulmonary  embolism,  with  paroxysms  of  coughing,  cardiac 
weakucMi,  bloody  expectoration,  and  circumscribed  infiltration  of  the 
lungs  (HarttungV  Tommasoli  praises  the  curative  action  of  injections 
of  the  blood  serum  of  lambs  (2  to  8  cubic  centimetres  daily).     Thia 
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blood-serum  therapy  of  syphilis  is  analogons  to  the  treatment  of  other 
infectious  diseases  with  the  blood  serum  of  animals  which  have  been  made 
immune  from  the  infectious  disease  in  question.  These  injections  of 
the  blood  serum  of  immune  animals  (sheep,  dog,  rabbit)  are,  according 
to  the  view  of  most  authorities,  without  therapeutic  value.  The  serum 
of  individuals  with  tertiary  syphilis  has  also  been  injected  into  those 
recently  infected,  in  order  to  furnish  the  latter  with  the  anticoxine  of 
sypliilis,  and  thus  make  them  immune  to  the  secondary  manifestations 
(Bock).  These  experiments  will  also  require  further  trial  before  we 
can  give  a  correct  judgment  in  the  matter. 

Internally  the  following  preparations  are  especially  used :  Bichlo- 
ride of  mercury  (0.05  to  0.1  gramme  pro  die)  and  calomel  (0.05  to  0.1 
gramme,  three  times  a  day  in  pill  or  powder).  Calomel  is  also  given 
in  large  doses  (e.  g.,  0.1  to  0.5  gramme  mormng  and  evening),  when  it 
is  desired  to  obtain  the  effects  of  mercury  quickly.  Lustgarten  and 
others  have  recommended  hydrarg.  tannicum  oxydulatum  in  powder  or 
pill  form,  according  to  the  following  formula  :  Hydrarg.  tannici  oxyd- 
ulat.  4.0  grammes,  extr.  et  pulv.  liqnirit.  q.  s.  ad.  pilul.  no.  60 ;  three 
to  five  pills  a  day  for  adults,  for  children  smaller  doses  of  0.02  to  O.OJ 
gramme.  Qamberini,  Schadeck,  and  others  recommend  hydrarg.  car- 
bol.  oxydat.  (hydrarg.  carbol.  oxyd.  1.2  gramme,  extr.  et  pulv.  liqairit 
q.  s.  ut  f .  m.  pilul.  no.  60,  two  to  four  pills  daily).  Schadeck  has  also 
recommended  this  remedy  for  subcutaneous  injections  (hydrarg.  car- 
bol. oxyd.  2.0,  mucil.  gummi  4.0,  aq.  destil.  100.0,  one  syringeful  [0.08 
of  the  hg.  salt]  every  two  to  three  days).  Recently  the  salicylate  of 
mercury  has  been  much  used  internally  (1.0  gramme  in  60  pills,  three 
to  four  pills  daily). 

Excretion  of  Mercury— Mercurial  Cachexia.—- According  to  recent  inves- 
tigations, mercury  is  excreted  mainly  in  the  faeces  and  in  the  urine,  but  in 
the  latter  not  constantly.  The  excretion  of  mercury  in  the  faeces  continue* 
for  weeks  or  months  after  the  treatment  has  ceased.  Schuster  found  the 
faeces  free  from  mercury  one  year  after  the  cure.  Vajda,  Paschkis,  and  Obe^ 
landor  came  to  the  conclusion  that  mercury  is  sometimes  retained  within 
the  body  for  years.  In  former  times,  especially,  the  use  of  mercury  w«» 
dreaded  because  there  would  occasionally  arise  an  incurable  mercurial  poi- 
soning (mercurial  cachexia).  It  is  a  generally  accepted  fact  at  the  present 
time  that  tliis  trouble  can  be  avoided  with  certainty  by  careful  use  of  the 
remedy. 

Iodine  is  suited,  particularly  for  the  late  period,  for  the  gummatous 
inflammations,  though  it  is  also  given  by  many — Zeissel,  for  instance- 
in  the  early  stages.      He  only  employs  mercury  late  in   the  disease 
and  in  necessary  cases.     Iodide  of  potassium  or  iodide  of  sodium  ift 
given  in  a  dose  of  about  one  to  two  grammes,  seldom  more  (8  to 
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10  grammes),  dailj,  beet  in  aqueous  solution.  In  suitable  cases  very 
large  doses  of  iodide  of  potassiuni  (20  to  30  grammes  and  more  pro 
die)  have  been  administered,  afc-ompuiiied  by  a  milk  and  meat  diet, 
with  bromide  of  putassinm  and  antipyrine  to  prevent  the  iodlsm  and 
headache.  Many  recommend  the  fiimultaneous  use  of  the  iodine  and 
mercurial  treatment,  (iiintz  praises  bichromate  of  potassium,  particu- 
larly for  syphilis  maligna  {one  bottle  of  chromium  water  every  day 
with  0.03  gramme  of  bichromate  of  potassium).  In  syphilis  maligna 
mercury  should  be  used  with  the  greatest  caution.  Iron  and  the  qui- 
niuc  preparations  are  to  lie  recommended,  as  well  as  a  strengthening 
diet,  proper  hygienic  measures,  and  iodide  of  potassium,  together  with 
a  suitable  local  treatment. 

The  proper  nutrition  of  the  patient  should  be  carefully  attended  to ; 
a  moderate  amount  of  alcohol  should  be  permitted,  and  exercise  in  the 
fre^ih  air  is  desirable,  et^.  In  the  inunction  treatment,  particularly, 
attention  should  be  paid  to  keeping  the  bowels  regular. 

For  recurrences,  constitutional  treatment,  best  by  inunctions,  should 
always  be  undertaken  again  for  a  time. 

It  is  well  known  that  occasionally,  after  an  apparent  cure  which  may 
have  lasted  years,  severe  local  and  constitutional  manifestations  make 
their  appearance.  For  preventing  this,  Fournier  and  NeiHser  have 
urgently  recommended  the  use  of  mercury  or  iodine  for  one  and  a 
half  to  two  years  at  pro])er  intervals  after  the  syphilis  has  been 
apparently  cured.  When  possible,  I  usually  give  a  course  of  inunctions 
every  half  year  for  four  years  after  infection,  even  in  the  cases  that 
are  cured.     I  alternate  a  mild  course  with  a  more  severe  one. 

In  children  with  hereditary  syphilis,  for  example,  it  is  an  excellent 
plan  to  use  mercurial  baths  (2  to  f>  grammes  in  a  bath  lasting  half  an 
hour).  The  internal  administration  of  calomel  (0.005  to  0.01  gramme 
twice  daily)  or  of  bichloride  of  mercurj'  (O.nOS  gramme  pro  die)  easily 
produces  disturlmnces  of  digestion. 

It  is  a  very  goo<l  plan  to  carry  out  the  inunction  treatment  in  some 
resort  where  biiths  or  mineral  waters  can  be  employed.  In  this  way 
the  metabolism  is  stimulated— i.  e.,  both  the  syphilitic  poison  and  the 
mercury  are  eliminated  in  greater  amounts,  so  that  the  latter  can  l>e 
employed  in  larger  doses  even  in  vreak  patients.  I  can  recommend 
Tiilz,  Wiesliadcn,  and  particularly  in  old  cases  the  sulphur  springs  in 
Aix,  Neuendorf,  etc.  In  a  resort  of  this  sort  the  patient  devotes  him*- 
self  entirely  to  his  treafmont.  which  he  can  often  not  carry  out  at  home. 

In  the  treatment  of  aypliilis,  the  healthy  individuals  with  whom   ' 
patient  constantly  comes  in  contact  should  always  be  protected 
infection  by  proper  procautions. 
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It  is  probable  that  the  mercurial  treatment  of  pregnant  women  can 
also  exert  a  direct  influence  upon  the  syphilis  of  the  foetus  infected  at 
the  time  of  conception,  as  Zweifel,  Gusserow,  and  others  have  proved 
that  various  drugs,  like  chloroform,  salicylic  acid  or  iodine  may  pan 
from  the  maternal  into  the  foetal  circulation.  Syphilis  and  tuberculoffla 
are  the  two  greatest  scourges  of  the  human  race,  and  they  will  neces- 
sarily prove  very  disastrous  to  future  generations  as  well.  It  is  of  the 
greatest  importance  that  syphilis  should  be  combated  with  the  great- 
est energy  by  governmental  regulations,  and  particularly  by  l^al  and 
medical  supervision  of  prostitution. 

§  85.  Leprosy  {Lepra), — By  lepra  {elephantiasis  GroBcorum)  or  lep- 
rosy is  understood  a  chronic  infectious  disease  which  is  caused  by  the 
BamUiis  leprw^  first  discovered  by  Hansen  and  Neiseer,  and  is  character- 
ised anatomically  by  more  or  less  circumscribed  inflammatory  growths, 
particularly  in  the  skin  and  nerves.  According  to  A.  Hansen  and 
Bergmann,  lepra  is  contagious,  but  not  in  the  ordinary  sense  of  the 
word,  as  the  attendants  upon  such  patients  are  only  very  rarely  afiected 
by  the  disease  (Beaven).  Bergmann  found  contagion  to  l)e  the  excit- 
ing cause  in  sixty  per  cent,  of  the  cases  (one  hundred  and  eight).  The 
contagiousness  of  leprosy  cannot  be  proved  by  the  inoculation  of  ani- 
mals, as  the  bacilli  of  leprosy  can  apparently  live  only  in  human  sob- 
jects.  In  some  places,  such  as  the  coast  of  the  Baltic  Sea,  leprosy  is 
chiefly  a  disease  of  the  poor,  who  live  in  the  most  wretched  and  filthy 
surroundings.  In  the  tropics — e.  g.,  in  India — Europeans  of  the 
better  class  may  acquire  the  disease  from  association  with  the  diseased 
natives,  and  this  is  particularly  likely  to  occur  if  their  power  of  resist- 
ance has  been  diminished  by  the  tropical  climate.  In  my  opinion,  the 
endemic  extension  of  the  disease  can  only  be  explained  by  the  assump- 
tion that  it  is  contagious,  and  it  can  only  be  successfully  combated  by 
regulations  aimed  at  protection  and  isolation.  Transmission  by  inherit* 
ance  can  only  rarely  be  proved,  the  disease  in  these  cases  originat- 
ing for  the  most  part  in  the  family  by  contact  from  person  to  person. 

The  Lepra  Bacilli  (Fig.  343),  first  demonstrated  by  Armauer  Hansen 
and  tlien  by  Neisser,  are  small  rods  about  four  to  six  /i  long  and  almost  one 
H  broad,  and  are  exactly  similar  to  tlie  tubercle  bacilli,  except  that  they  «!• 
soniowhat  shorter.  The  lepra  bacilli  are  incapable  of  spontaneous  movement 
It  is  iiiipossiible  as  yet  to  say  wliether  the  bright  egg-shaped  or  round  uncol* 
o*ured  spots,  wliich  come  out  wlien  tlie  bacilli  are  stained,  are  to  be  regarded 
as  spores  or  not.  The  bacilli  are  found  in  tlie  leprous  new  growths  in  the 
skin,  nerves,  lymph  glands,  spleen,  liver,  and  testicle,  usually  in  great  nutt" 
bers,  partly  free  in  the  tissues  and  partly  within  the  cells  in  the  so-calU 
*'  Iej)ra  cells  "  (Fi<c.  .*U3,  Neisser,  Leloir,  etc.).  These  cells  are,  some  of  theo, 
large  mononuclear  cells,  while  others  are  like  leucocytes.    Wynne  found  lbs 
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bacilli  alsoin  spindle-shaped  granulation  cells,  and  in  rare  cases  in  g-iant  cells, 
sometimes  iu  great  numbers  (Boinet,  Borrel).  According  to  Utma,  the  ba- 
cilli lie  preferably  in  the  lymph  spaces  of  the  tissues,  and  the  collectiuns  of 
the  bacilli  designated  as  ■"  lepra  cells  "  are  artificial  products,  as  be  thinks 
has  been  proved  by  his  drying  method.  After  decolorising  the  preparation 
in  nitric  acid  and  distilled  water,  he  dehydrated  it,  not  by  alcohol  but  by 
heating  it  over  a  flame,  and  then  clarified  it  with  xylol.  Neisser  and 
Wynne,  in  particular,  have  contested  this  view  of  Unna's. 

The  lepra  bacilli  can  be  stained  in  the  same  manner  as  the  tubercle  ba- 
cilli, but  more  easily  and  rapidly,  by  using,  for  instance,  solutions  like  those 
of  Ziehl  and  Ehrlich.  Gram's  method  is  also  very  useful.  Baumgarten's 
method  of  staining  is  as  follows:  6  to  7  minutes  in  a  diluted  alcoholic  solution 
of  fuchsin,  then  decolourise  for  one-fourth  of  a  minute  in  acidilled  alcohol 
f  nitric  acid  and  alcohol  1 :  10),  wash  off  in  water  and  stain  in  aqueous  solu- 
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I  of  methylene  blue.  Lustgarten  uses  the  follo' 
aniline  water,  fuchsin,  or  gentian  violet,  and  decol- 
ouriffe  for  a  considerable  time  in  one  per  cent,  sub- 
chloracetate  of  sodium  and  wash  off  thoroughly  in 
water.  The  artificial  cultivation  of  the  bacilli  and 
their  successful  inoculation  upon  animals  has  hith- 
erto been  accompanied  with  difficulties,  and  though 
there  can  be  no  doubt  at  all  as  to  the  specific  patho- 
genic significance  of  the  bacilli,  still  a  perfectly  satis- 
factory proof  of  their  specific  action  Las  not  as  yet  been  obtained. 
UtTreduzzi  was  the  first  to  cultivate  the  bacilli  obtained  from  the  bone 
of  a  man  dying  of  leprosy  ;  he  cultivated  them  at  the  incubator  temijerature 
upon  hardened  blood  serum  to  which  had  been  added  peptone  and  glyceriue, 
and  after  several  days  obtained  hand-like,  whitish-grey  colonies  with  in- 
dented borders  made  up  of  bacilli  of  different  lengths,  generally  witli  a  ctult- 
shaped  enlargement  at  the  ends.  Inoculations  upon  animals  were  unsuccess- 
ful, because  the  strictly  parasitic  bacteria  rapidly  lose  their  virulence  when 
cultivated  outside  the  body  (Bordoui-Uffreduzzi,  Baumgarteu).  Melcher  and 
Ortmann  claim  to  have  made  successful  inoculations  upon  rabbits.  In  the 
human  subject  also  inoculation  with  the  bacilli  appears  to  be  very  difficult 
or  almost  impossible ;  Aruing  alone  was  able  to  inoculate  successfully  a  con- 
demned criminal  by  means  of  particles  of  tissue  from  leprous  nodes.  It  is 
certain  that  man  is  the  chief  sufferer  from  the  leprous  poison :  but  how  the 
disease  originates  in  man  and  spreads  is  stilt  uncertain.  In  the  majority  of 
cases  the  disease  appears  to  spread  from  person  to  person  by  contact — that  is, 
by  direct  contagion ;  inheritance  plays  a  small  part  Hutchinson's  idea  that 
leprosy  is  spread  by  eating  fish  is  contested  by  a  great  many.  According  to 
Hansen,  leprosy  is  not  inheritable.  In  some  leprous  districts  the  disease  is 
tninsmttted  by  vaccination,  and  is  said  to  have  originated  and  sjirend  in  tliis 
way  on  the  Hawaiian  Islands  {Arning,  Tebb).  Vaccination  should  aeeord- 
inirly  be  performed  with  great  care  in  leprous  districts  in  order  ihat  the 
leprosy  bacilli  may  not  be  inoculated  with  the  vaccine  lymph.  Wahl  main- 
tains that  leprosy  originates  preferablj'  in  the  periphery  of  the  body— that  is, 
in  the  exposed  skin  and  mucous  nionibrane  of  the  pharynx  and  larj-nx,  and 
thm  very  gradually  extends  to  the  internal  organs  by  means  of  the  Ij-mph 


he  Ij-mph  i 


452  INFLAMMATION  AND  INJURIES. 

channels.  According  to  Thoma,  the  leprous  new  formation  begins  in  the 
inner  layers  of  the  skin,  in  the  perivascular  spaces,  and  in  the  immediats 
neighbourhood  of  the  smaller  blood-vessels,  and  then  penetrates  into  the  sub- 
cutaneous fatty  tissue,  the  lymph  vessels,  and  lymph  glands.  Leprosy  attach 
almost  all  tlie  organs  of  the  body,  but  is  localised  particularly  in  the  skin 
and  peripheral  nerves.  Nodules  are  gradually  formed  like  those  in  tubov 
culosis.  Large  nerves,  like  the  median  and  ulnar,  may  swell  into  strandi 
the  size  of  a  finger.  In  the  nerves  of  a  patient  with  lepra  ansesthetica  the 
bacilli  are  found  in  the  nerve  fasciculi,  and,  besides  atrophy  and  disappear- 
ance of  the  nerve  fibres,  there  is  an  interstitial  sclerosis  with  sometimes  cal- 
careous infiltrations.  In  the  nerve  sheaths  the  leprous  disease  extends  chiefly 
towards  tlie  central  nervous  system,  and  in  the  diseased  area,  there  may  be 
a  complete  destruction  of  the  nerves,  in  consequence  of  which  a  desoendinc^ 
(not  leprous)  degeneration  takes  place  in  the  separated  portion  of  the  periph- 
eral nerves,  involving  both  the  motor  and  sensory  fibres.  This  explains  why 
every  sign  of  leprous  disease  is,  in  certain  cases,  absent  in  the  peripbenl 
nerves  of  the  area  of  skin  rendered  anaesthetic ;  in  such  cases  the  dmm 
is  located  in  parts  of  the  nerves  more  centrally  situated  (Dehio,  Gerkdi). 
Of  the  internal  organs,  the  lymph  glands,  spleen,  and  liver  are  most  freqiModj 
diseased.  In  the  blood  usually  no  bacilli  can  be  demonstrated;  bat  KSbncr, 
Thonia,  and  Doutrelepont  have  seen  them  in  the  blood  and  the  capillaries  of 
the  liver.  According  to  Winiarski,  the  number  of  red  corpuscles  is  reduced 
in  the  most  severe  cases  to  one  third,  and  the  percentage  of  hsemoglobin  to 
three  fiftlis  of  the  normal.  The  number  of  leucocytes  is  in  general  normaL 
and  the  poly  nuclear  leucocytes  are  much  the  most  numerous.  The  blood 
coagulates  very  quickly  (Bake). 

Occurrence  of  Leprosy. — Leprosy  has  been  known  since  the  earliest  tiroo* 
and  during  the  middle  ages  was  distributed  through  almost  all  the  countrict 
of  Europe.  At  present,  in  Europe,  the  disease  is  found  only  in  Sweden,  No^ 
way,  Finland,  in  the  Russian  Baltic  provinces  and  on  the  coasts  of  the  Medi- 
terranean and  Black  Seas,  and  most  frequently  on  the  coasts  of  Norway  and 
in  the  south  of  Spain.  Leprosy  is  widely  distributed  in  different  parts  of 
Asia  (Asia  Minor,  Persia,  China,  India),  in  America  (Central  America,  noHh 
and  east  coasts),  in  Africa  (Cape  Colony),  and  in  Australia. 

Sjrmptomatology  of  Leprosy. — Leprosy  usually  begins  very  insidi- 
ously, the  duration  of  the  incubation,  according  to  Bergmann  and 
others,  generally  being  three  to  four  to  five  years.  This  explains  the 
apparent  immunity  of  children  to  leprosy.  A  general  distinction  ii 
made  between  leprosy  of  the  skin  and  of  the  nerves,  though,  for  the 
most  part,  they  occur  in  combination.  Leprosy  of  the  skin  is  observed 
particularly  on  the  face  and  on  the  hands  and  feet,  and  especially  on 
the  extensor  aspect  of  the  knee  and  elbow  region.  The  face  shows eariy 
a  cliaraeteristic  expression  (flattening  of  the  eyebrows,  facial  paralyA 
with  obliciue  position  of  the  mouth,  inability  to  close  the  eyes,  etc). 
Ulcerative  processes  soon  occur  on  the  fingers.  The  skin  has  a  charM- 
teristic  pale,  waxy  appearance.  Ilyperjemic  spots  (lepra  rubra")  are 
seen  in  the  skin  of  different  parts  of  the  body,  which  either  disappetfi 


LEPBOST.  453 

ig  behind  a  pigmeotation,  or  gradaally  grow,  fonuiDg  brownbh- 
odee  tbe  size  of  a  walnut  (lepra  tuberosa).  The  nodea,  consisting 
iaiiy  of  granulation  tisene,  may  remain  stationary  for  a  long  time, 
iy  may  break  down  and  form  ulcers,  particularly  when  subjected 
enial  iujarioos  influences.  The  leprous  nodes  develop  the  most 
lusly  upon  the  face,  sometimes  singly,  but  generally  in  groups, 
]g  whole  clusters.  In  consequence  of  the  coalescence  of  the 
nodes  thick  masses  result  on  the 
eyebrowa,  the  alse  of  tbe  nose,  the 


ad  chin,  so  that  the  physiognomy  of  sucb  a  patient  assumes  an 
leion  more  or  lees  like  that  of  an  animal,  and  hence  tbe  designa- 
!pr«  s.  facies  leonina,  or  leontiasis  (Figs.  344  and  345). 
le  leprosy  of  tbe  nerves  (lepra  nervorum  antesthetica,  lepra  mu- 

begins  with  hypersesthesia  and  pain ;  then  aneestbesia  nsiially 
s,  with  trophic  disturbances  consisting  in  the  formation  of  white 
rown  spots  and  in  atrophy  of  the  muscles  and  bones.  Motor 
ses  are  leas  common.  As  a  result  of  the  anffisthesla,  injuries  are 
•ticed  and  lead  to  ulcerative  processes,  in  consequence  of  which 
)f  the  fingers  and  toes  may  be  lost  (lepra  mutilans).  Tbe  nerves 
■A  by  leprous  disease  become  thickened,  particnlarly  between  the 

fibres  and  in  the  neurilemma,  aa  the  result  of  an  interstitial 
is,  sometimes  ojsrabined  with  deposits  of  lime,  etc.     Lepra  nervo- 

essendslly  a  degenerative  neuritis  ascending  from  the  periph- 

the  centre.  This  has  been  briefly  described  on  page  452.  In 
ases  a  complex  of  trophic  and  sensory  disturbances  is  observed 
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which  reseniblcB  eyringomjelia.  There  is  no  fandamental  diSereM 
between  the  two  main  forms  of  leprosy,  the  aii8eetbetic  and  the  nodalir. 
Besides  the  Bkin  and  nerves,  the  disease  affecta  particular);  th> 
lymph  glands,  then  tlie  mucous  membranes,  the  eyes,  nose,  monti, 
larynx,  and  also  the  Hver,  spleen,  and  testicles.  Aming  has  descrilied 
a  miliary  leprosy,  particularly  of  the  serous  membranes,  which  is  nnu- 
lar  to  miliary  tuberculosis.  In  some  of  the  cases  there  is  probably* 
mixed  infection  with  tuberculosis.  Hansen  and 
Looft  are  of  the  opinion  that  Arning's  cases  sbosU 
be   regarded   as   pure   taberculosis,   and   not  h 


Fia.   S4B. —  Lepra  anam- 


Prognosii, — The  disease  generally  terminiM 
after  a  varying  length  of  time—one  to  two  to  fin 
to  twenty  years — with  death  either  from  eihioi- 
tion  or  some  intercurrent  affection,  not  infn- 
quently  from  tetanus.  Lepers  not  uncommoolj, 
suffer  from  tuberculosis  at  the  same  time,  and  dit 
of  this  (Pbillipson), 

DiagnodL — At  the  beginning  of  the  disease  tia 
diagnosis  of  lepra  can  present  manifold  difficit 
ties.  For  its  diagnosis  in  the  early  stage  the  chu- 
acteristic  changes  in  the  face  are  important.  Th* 
nodular  form  may  be  confused  with  syphilis,  thi 
aneesthetic  with  syringomyelia.  Close  questiooiig 
of  the  patient,  the  histolc^cal  demoostratioii  d 
the  lepra  bacilli,  and  finally  an  anti syphilitic  course  of  treatuico^ 
may  establish  the  diagnosis  in  doubtful  cases.  In  syringomyelii,  II 
opposed  to  lepra  aufeiithetica,  there  is  usually  only  a  partial  distnrbiiM 
of  the  sensory  sphere — for  instance,  analgesia  and  thermo-anaastheos 
with  persistence  of  the  tactile  and  muscular  sense  (P.  A.  Morrow).  B 
can  be  differentiated,  furthermore,  from  syringomyelia  and  Momrt 
disease  by  the  thickenings  of  the  nerves,  the  pigmentation  of  the  spoH 
the  nothiles,  and  by  the  presence  of  the  leprosy  bacilli. 

Treatment  of  leprosy.— Though  opinions  differ  as  to  the  contfr 
giousncss  of  lepni,  still  all  authorities  are  agreed  that  it  is  very  nee* 
sarr  for  general  hygienic  reasons  to  isolate  and  confine  the  patients  ik 
institutions  for  the  purpose.  The  isolation  of  lepers  should  be  i^t- 
lated  by  iiitcriuitional  laws.  It  is  particularly  important  to  prevent  I 
spread  of  the  disease  from  one  country  to  another,  which  can  tib 
place  so  eiisily  owing  to  the  extensive  communication  by  water  dal 
now  exists.  In  kicalitie.s  whore  leprosy  exists  the  disease  is  combattl 
best  by  isolation  of  the  patients  and  improvement  of  the  social  to 
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Ijgienic  conditions.     Energetic  measures  of  protection  and  isolation 

We  caused  a  dimination  of  fifty  per  cent,  in  the  amount  of  leprosy 

in  Sweden  within  twenty  years.     As  yet  we  do  not  know  any  specific 

remedy  for  the  disease,  and  consequently  the  treatment  is  essentially  a 

ipptoraatic  one,  consisting  mainJy  in  proper  hygiene,  warm  baths,  and 

the  administration  of  tonics.     In  febrile  attacks  antipyretics  are  given. 

For  the  local  treatment,  Bidenkap,  an  excellent  authority  on  leprosy, 

recommends  goa  powder  or  chrysarobin,  which  he  applies  to  the  nodea 

•nd  spots  on  adhesive  plaster.     Unna  also  recommends  chrj-sarobin, 

•nd  others  aristol,  salol,  creosol,  hydroxylamin,  europhen,  etc.     Ribb 

speaks  favourably  of  chaulmoogra  oil,  Reissner  of  gurjun  balsam  (five 

drops  a  day  internally,  gradually  increased  to  seventy  and  more ;  in 

eise  of  irritation  of  the  stomach  or  kidneys  it  should  be  stopped). 

The  latter  is  also  given  in  the  form  of  inunctions  (three  parts  gur- 

jan  and  one  part  lanolin).     Balz  recommends  the  daily  application  to 

the  skin  of  a  thick  layer  of  a  twenty  per  cent,  salicylic  ointment  con- 

ssting  of  salicylic  acid,  lanolin,  and  vaseline  combined  with  the  internal 

use  of  gynakadia  oil  in  large  doses  (fifteen  grammes  and  more  a  day) 

and  warm  baths.     In  suitable  cases  surgical  treatment  has  to  be  adopted. 

¥itra  and  others  have  employed    nerve-stretching  to  advantage  in 

the  early  stages  of  anesthetic  leprosy.     Creamer  scrapes  the  diseased 

areas  with  the  sharp  spoon.     In  general,  wounds  in  leprous  subjects 

]ieal  quickly  and  well;  the  rapid  coagulation  of  the  blood  is  very  strik- 

ii^.    Massage  of  the  nodules  and  thickened  nerves  is  useful  in  many 

iBBtances.     It  is  possible  to  make  the  nodules  and  spots  disa])pear  in 

t  variety  of  ways,  but  we  cannot  cure  the  disease.     Whether  we  shall 

lometime  procure  a  curative  serum  for  leprosy  similar  to  the  anti- 

cBphtheritic  serum  the  future  alone  will  show. 

§  86.  Actinomycoiis. — By  actinomycosis  is  understood  a  progressive 
inflammation  and  suppuration  excited  by  the  ray  fungus  or  actino- 
myces  (Fig.  347),  which  is  observed  particularly  in  cattle,  swine,  and 
man,  and  is  transferable  by  inoculation  (Bollinger,  Israel,  Ponfick, 
Wolff).     Though  the  actinomyces  used  to  be  ranked  among  the  mould 

f~  fnngi  (hyphomycetes),  Bostroem,  in  1885,  showed  by  a  special  method 
of  cultivation  that  it  belonged  to  the  fission  fungi  (schizomyeetes),  and 
VIS  to  be  regarded  as  a  variety  of  cladothrix  with  branches.  Bollinger 
dbeovered  the  actinomyces  in  cattle,  Israel  in  man,  while  Ponfick  was 
^^-die  first  to  prove  the  identity  of  the  actinomycosis  of  cattle  with  that 
Srfman. 

b.  AfitiluniLyoea. — In  the  actinomycotic  tumours  or  abscess-like  foci  there 
b  are  found  characteristic,  yellow,  solid  granules  the  size  of  a  grain  of  hemp. 
f  If  these  granules  are  crushed  and  the  preparation  stained  for  half  an  hour  in 
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hot,  carbolised  fuchsin,  or  for  twenty-four  hours  in  &n  aqueous  boId 
tceutian  violet,  and  then  placed  for  ten  to  fifteen  minutes  in  a  solv 
iodine  in  iodide  of  potassium,  then  in  alcohol,  etc.,  and  examined  nn 
microscope,  these  granules  will 
to  consist  of  a  characteristic 
arrangement  of  branching  fll 
whicli  radiate  from  a  commoii 
and  possess  peculiar  club^ha; 
largements  (Fig.  347).  Similar 
granules  sometimes  occur  in  s 
tive  processes  that  are  not  aci 
cotic  in  nature,  and  consist  of  d 
varieties  of  fungi  (pseudo-aci 
coais,  Paltauff,  Illich).  The 
scupic  examination  of  the  gnni 
alone  show  whether  the  case  i: 
real  actinomjcosis.  lu  every 
of  actinomycetes  it  is  possib 
certain  stage,  according  to  & 
to  distinguish  three  elements: 
shaped  formations  ;  2,  a  o 
placed  network  of  fungous  11 
of  varying  shape  and  sise : 
coccus-like, bodies  (spores),  whi 
inate  from  the  fungous  flianie 
grow  into  long  rods  and  bn 
twiga  According  to  Wolff  an 
the  significance  of  the  coc( 
s  still  obscure.  Domee  states  that  the  spores,  which  can 
d  in  potato  cultures  made  at  a  temperature  of  22°  to  24°  C..  c 
by  transverse  segmentation  of  the  peripheral  filaments,  like  the  arth 
in  the  aspergillus,  for  example.  According  to  Bostroem,  who  was  tbi 
make  pure  cultures  of  the  actinomyces,  and  according  to  Mooebrug 
central  network  of  filauienls  grows  rapidly  and  luxuriantly,  while  tl 
of  the  g-liinds  are  to  be  looked  upon  as  products  of  degeneration  iocs 
furllu-r  development.  This  is  contested  by  Partsch.  M.  Wolff  and  . 
have  cultivated  the  actinomyces,  in  the  absence  of  oxygen,  upon  aga 
the  interior  of  raw  hens'  eggs,  and  have  successfully  inoculated  tht 
cultures  upon  rabbits  by  injection  into  the  peritoneal  cavity.  Afa 
likewise  obtained  typical  actinomycosis  by  the  injection  of  pure  cull 
bliKxl  serum,  apar.  and  bouillon)  into  the  peritoneal  cavity  of  rabbit 
twwm  was  unsuccessful  iu  his  attempts  to  inoculate  animals  from 
fn>m  another  animitl.  The  actinomyces  colonies,  when  oxygen  is 
form  u]H)n  iigftr  jx^iutiar  yellowish- white  vegetations;  but  when  oxv 
free  access  to  the  colonies  there  are  <)htained.  according  to  Bostroe 
acteristic  (x-hre-ciihiured  forma  witli  a  chalk-like  covering  (Fig.  S48 
cultures  of  the  iiolinomyces  grow  ujion  blood  serum,  agar-agar,  gl 
agar,  iiud  Ki-latine,  as  well  as  in  hiiuilh>n  ;  irrowth  upon  potato  tali 
more  slowly.     From  what  lias  been  said,  it  follows  that  the  acti 
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growH  ill  different  ways  according  to  the  nature  of  tlie  nutritive  medium  and 
the  |)resence  <jr  absence  of  oxygen.  It  belongs  to  the  polytuorp holla  bacteria, 
or  nilher  to  the  cladothrix  species,  and  may  occasionally  present  itself  as  a 
simple  rod,  the  above-mentioned  bulbs  being  absent  {Pontick,  Ziegler,  etc.). 

G.  Hesse  found  in  one  case  of  actinomycosis  a  form  of  fungus  which 
corresjmnded  neither  to  the  cladothrix  described  by  Bostroem  nor  to  the 
Woltf-Israet  micro-organism  of  actinomycosis.  G.  Hesse  named  his  fun- 
gus the  cladothriic  liquefacieus,  on  account  of  its  great  power  for  lique- 
fying blood  serum  and  gelatine.  It  is  obligate  aerobic,  germinates  from 
spherules  or  spores,  and  gi-ows  into  long  fllamenls  with  branches.  In  the 
stems   of  the  filaments   round   spores  are   developed,  „     _  _ 

which  subsequently  come   away,   leaving  behind  the  *^l 

empty  stems.  S._  ■■^4P 

Outside  ot  the  animal  body  the  actiuomyces  grows        — ^-   '-  ■^^.' 
by  preference  upon   plant*,   partictilarly  uiKni  grains  ,Q' 

of  com.  ^^  ■■*T' 

The  actinomyces  in  a  section  can  best  be  stained  by  '  f 

Gram's  method,  lirst  with  methyl  viol«t,  then  with  Bis-  'l\ 

niarck  brown,  Weigerl  gives  the  section  a  preliminary 
stain  in  orchitla,  and  then  places  it  in  a  one-|)er-cent. 
aqueous  solution  of  gentian  violet,  by  which  the  central 
network  of  filainents  is  stained  blue  and  the  bulbous 
periphery  ruby  red. 

Occurrence  of  Aottnoinyooais  in  Animali.— Actino- 
mycosis is  observed  particularly  in  cattle,  less  ofl«n  in 
swine  and  horses.  By  far  the  most  frequent  site  of  ac- 
tinomycosis is  in  the  jaws  of  cattle.  In  this  situation, 
according  to  Bollinger,  Pontick,  and  Johne,  hemispheri- 
cal,  simple,  ur  composite  elevations  and  outgrowths  are  'I 

formed,  particularly  near  the  angle  of  the  lower  jaw. 
They  cause  the  skin  to  become  thin.  Anally  break  through 
it,  and  sprout  out  like  a  fungus.  They  have  a  greyish- 
yellow  appearance,  and  are  of  lardacewus  consistency. 
Upon  pressure  pus  escapes,  containing  the  characteristic 
yellow  granules  already  mentioned.  The  latter  usually 
consist  of  a  great  number  of  glandular  formations  cling- 
ing together  like  corals.  Tlie  smallest  elementary  gnin- 
ulea  are  macroscopically  scarcely  visible,  and  reveal  a 
tangle  of  filaments,  as  before  remarked,  which  terminat« 
at  the  periphery  in  club-shaped  enlargements  (Fig.  347), 
Microacopieallj'  there  is  usually  observed  in  the  centre 
of  the  nodule  the  actinomyces  gland,  with  its  character- 
istic radiate  or  rather  stellate  arrangement,  surrounded 
by  epithelioid,  lymphoid,  and  giant  cells  (Fig.  349). 
The  fungus  has  a  chemotaxic  action,  and  becomes  en- 
capsulated by  leucocytes  and  young  connective- tissue  cells  (Pawlowski,  Mak- 
mtoff).  The  nodules  break  down  later,  and  for  the  most  part  Kuppui-ate,  thus 
giving  rise  to  a  corresixmdingly  extensive  death  of  tis.sue.  The  growth  of 
tlie  tumour  is  very  slow ;  the  .number  of  the  nodular-ehaped  gruwUiH  cod- 


458  INFLAMMATION  AND  INJURIES. 

stantly  increases,  and,  after  coalesciag  with  one  another,  they  extend iltntl; 

into  the  surrounding  parts.    The  tumours  consist  partly  of  fibrous  coim«ctin 

tissue  and  partly  of  granulation  tissue,  and  always  contain  the  chanKteriitic 

small  nodules  or  foci  of  suppuration  with  the  fungous  glands  in  the  formiri 

the  above-mentioned  granules.    The  foci  of  suppuration  are  sometimes  ami 

^  and  aometimes  very  extensive.     In  rare  cue 

a"  Q  spontaneous  recovery  takes  place  by  cicatricii 

IPfjOTjj®        contraction  and  calcification.     The  actinomj 

cet«s,  which  usually  grow  outside  the  anima 

body  upon  plants,  are  taken  into  the  systei 

mainly  in  the  vegetable  food ;  but  they  mi 

also  enter  through  the  respiratory  tract  and  an 

interruption  of  continuity  in  the  skin.    Tlieii 

fection  is  more  apt  to  occur  in  cattle  living  i 

damp  or  marshy  regions,  particularly  during< 

'~    '    '  soon  after  a  wet  season  (Bostroem).    The  con 

Fio.  349.— Actinamycosis  o(  tho     mon  starting-point  of  the  infection  is  the  carit 

KlflMnmultio^uLu^wTth     "^  "^^  mouth  (jaw,  tongue,  pharynx),  and  m. 

fucliaiu.    ■  HM.'  be  the  result  of  any  slight  injury  to  the  iusid 

of  the  mouth  produced  by  stiff  pieces  of  vegi 

table  food,  or  by  a  carious  tooth,  etc.     According  to  Johne  and  Bostron 

in  most  of  the  tonsils  of  healthy  swine  there  are  found  barley  grains  irhic 

have  a  fungus  on  their  surface  very  similar  to  the  actinoniyces.    In  mat 

also,  infection  is  most  apt  to  originate  from  vegetable  material,  less  oftt 

from  in^stion  of  actinomycotic  meat  or  milk.     By  growing  into  the  blooi 

vessels  the  primary  focus  may  give  rise  to  metastases  in  the  various  or^ 

Metastases  do  not  usually  originate  through  the  lymph  channels. 

AotinOBiycea  HaBoalomin  Bnia. — The  ray  fungus  occurring  e^tclusivelji 
the  muscles  of  hogs,  the  so-called  actinomyces  musculorum  suis,  discover 
by  Duncker  in  1884.  is  not  identical  with  the  actinomyces  lK>vis  s.  h«n 
nis.  Its  radiate  form  is  similar,  but  its  relationship  to  the  actinomyces  bar 
8.  hominis  is  still  obscure. 

Aotinomyoosii  in  Man. — The  occurrence  of  actinomycosiB  in  mauwt 
first  carefully  stmlied  by  J,  Israel  in  1885.  He  need  observations  msd 
by  himself,  and  the  thirty-eight  cases  of  the  disease  which  were  the 
to  be  found  in  literature.  The  actinomycosis  of  man  can  he  dividft 
according  to  the  jxiint  of  ingress  of  the  infection,  into  five  groape: 

1.  Cases  in  which  the  fungus  enters  through  the  oral  and  phaiji 
geal  cavities  forming  a  focus  in  carious  teeth,  in  the  inferior  nm 
ilia,  in  the  submaxillary  and  submental  region,  in  the  neck,  in  the  per 
osteum  of  the  superior  maxilla,  or  in  the  vicinity  of  the  cheek. 

2.  Cases  of  primary  actinomyeosiB  of  the  respiratory  apptnitii 
with  localisation  in  the  bronchial  mucous  membrane  and  in  the  pare 
chyma  of  the  lungs,  spreading  to  the  pleura,  the  periplenral,  and  pi 
vertebral  tissues,  or  with  extension  to  the  abdominal  wall,  and  fiiu 
the  formation  of  metastases. 
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3.  Cases  of  primary  actinomycosis  in  the  intestinal  tract,  partly  &a 
t  laperficial  disease  of  the  intestine  and  partly  with  extension  of  the 
procesB  to  the  peritonsenm  and  abdominal  wall  and  the  formation  of 


4.  Cases  in  which  the  point  of  entrance  is  uncertain  (respiratory 
^fuatoB,  pharyoz,  intestioe). 

5.  Infection  in  conjunction  with  an  injury  of  the  skin,  cutaneous 
utmomycosis,  particolarly  after  injuries  of  the  skin  inflicted  by  foreign 
bodies  such  as  a  splinter  of  wood,  for  example.     Illich,  counting  in  the 


1%-fQDr  cases  which  he  saw  in  Albert's  clinic,  has  collected  in  all 
'our  hundred  and  twenty-one  cases  of  actinomycosis.  Of  these  there 
Wre  two  hundred  and  eighteen  in  which  the  head  and  neck  were 
tffected,  sixteen  of  the  tongue,  fifty-eight  of  the  lungs,  eighty-nine  of 
he  abdomen,  and  eleven  of  the  ekin.  In  twenty-nine  cases  the  point 
'here  the  infection  entered  could  not  be  proved  with  certainty. 

Actinomycosis  originates  in  man  chiefly  from  parts  of  vegetable 
after  to  which  the  fungus  clings.  Portions  of  vegetable  matter,  es- 
icially  barley  grains,  have  been  repeatedly  demonstrated  in  the  actino- 
ycotie  foci  (Bostroem,  Illich,  etc.).     Infection  by  eating  actinomy- 
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cotic  meat,  or  by  drinking  milk,  is  very  qnestionable.  The  actinomy- 
cosis of  man  differs  from  that  of  cattle  by  the  smaller  size  of  the  tamonn 
and  by  the  preponderance  of  thickening  and  induration  of  the  tissues. 
The  clinical  pictures  of  actinomycosis  in  man  vary  very  much  according 
to  the  primary  location  of  the  disease.  Sometimes  the  phlegmonous 
type  of  inflammation  with  a  suppurative  breaking  down  preponder- 
ates; in  other  cases  the  formation  of  granulations  or  the  induration 
are  most  prominent  (Fig.  350).  The  disease  may  begin  as  a  phleg- 
monous inflammation  about  the  lower  jaw,  forming  epulis-like 
tumours,  especially  when  there  are  carious  teeth  present,  as  in  a  case 
which  I  operated  upon  a  short  time  ago.  The  process  may  ex- 
tend from  the  mouth  or  from  the  jaw  to  the  prevertebral  tissue  of 
the  cervical  and  dorsal  vertebrce  (prevertebral  phlegmon),  with  sec- 
ondary destruction  of  the  vertebrce.  Not  infrequently  cases  are  ob- 
served which  run  an  acute  course,  presenting  the  picture  of  a  very 
acute  or  even  septic  suppuration,  for  example  in  the  neck,  simulating 
arigifw,  Lud(ym<ii  ;  but  this  is  usually  due  to  a  mixed  infection,  as  Partsch 
and  others  have  insisted,  since  the  actinomyces  does  not  by  itself  ex- 
cite suppuration.  Occasionally  actinomycosis  runs  a  course  resem- 
bling chronic  pysemia,  with  the  formation  of  multiple  abscesses;  or  the 
disease  begins  in  a  very  insidious  manner,  as  primary  actinomycosis  of 
the  intestine  or  lung,  with  secondary  extension  to  the  peritonaBum, 
heart,  pleura,  and  eventually  the  formation  of  metastases,  etc.  Ab- 
dominal actinomycosis  is  characterised  by  the  formation  of  thick  adhe- 
sions between  the  intestines  and  between  the  latter  and  the  abdominal 
wall,  and  by  abscess  formation  in  the  retroperitoneal  tissues  or  in  the 
abdominal  wall.  The  metastases  may  be  very  numerous,  as  happened 
in  one  case  of  Sonnenburg's,  in  which  the  pleura,  lungs,  the  large  ab- 
dominal organs,  and  the  skin  of  the  thorax,  abdomen,  back,  and  thighs 
were  involved.  The  primary  location  of  the  affection  could  not  be 
determined. 

In  a  pure  actinomycosis  without  any  mixed  infection,  such  as  with 
pus  cocci,  the  lymph  glands  are  usually  not  affected,  and  the  metastatic 
infection  takes  place  not  through  the  lymph  vessels  but  through  the 
general  circulation.     Bollinger  saw  one  case  of  primary  actinomycooa 
of  the  brain  in  a  twenty -six-year-old  woman  with  bad  teeth,  who  had 
for  a  long  time  drunk  raw  goats'  and  cows'  milk  as  well  as  eaten  raw    ■ 
meat.     The  rather  rare  cases  of  isolated  cutaneous  actinomycosis  some-   ' 
times  take  the  form  of  cutaneous  ulcers,  and  sometimes  of  nodular 
eruptions  like  tubercular  lupus  (Leser). 

Diagnosia   of  Actinomycosis. — The  above-mentioned    characteristic 
yellow  granules  which  are  found  in  the  pus  or  in  the  granulation  tie- 
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sue,  as  well  as  the  microscopic  demonstration  of  the  fnngns,  are  of 
great  importance  in  making  the  diagnosis. 

FrognoBia  of  Actinomycoaii. — The  prognosis  depends  mainly  upon 
the  !:ituution  of  tlie  disease,  and  is  favourable  in  those  c&ees  in 
whioh  the  diseased  parts  are  accessible  to  sorgical  treatment — for  ex- 
ample, when  they  are  located  in  the  region  of  the  cheelts,  the  jaw, 
the  cavity  of  the  mouth,  the  neck,  etc.  As  Schlange  has  correctly 
remarked,  actinomycosis  has  a  pronounced  tendency  to  get  well  spon- 
taneously— a  fact  which  is  particularly  noticeable  when,  in  actinomy- 
cosis of  the  neck  or  cheek,  the  fungi  have  penetrated  beneath  the  skin 
and  then  are  iinally  cast  otf  aa  foreign  bodies.  The  gi-eat  majority  of 
all  cases  of  actinomycosis  which  are  accessible  to  surgical  treatment  can 
be  permanently  cured.  The  prognosis  of  actinomycosis  of  the  internal 
oi^ns  is  very  unfavourable. 

Treatment  of  Actinomycoiii. — The  treatment  of  actinomycosis  is 
wholly  surgical ;  it  consists  in  extirpation  or  in  incision  followed  by 
energetic  scraping  out  and  disinfection  of  all  accessible  foci.  In  very 
diffuse  actinomycosis  of  the  skin  antiparasitic  remedies  may  be  used, 
such  as  chrysarobin,  ichthyol,  etc.  Parenchymatous  injections  of  the 
iodide  of  potassium  or  sodium  into  the  actinomycotic  areas  are  use- 
ful in  suitable  cases  (one  to  two  to  five  hypodermic  syringefuls  of  a 
one-per-cent.  solution  at  intervals  of  several  days).  This  may  be  com- 
bined with  the  internal  administration  of  potassium  iodi<le.  The  acti- 
nomycosis which  is  accessible  to  surgical,  that  is,  to  operative  treat- 
ment— for  example,  actinomycosis  of  tlie  cheeks,  tongue,  jaw,  the  oral 
cavity,  the  neck,  etc. — always  has  a  favourable  prognosis,  aa  remarked 
before,  and  a  permanent  cure  is  generally  obtained,  provided  only  the 
actinomycotic  focus  is  tiioroughly  removed.  I  operated  on  a  case  of 
actinomycosis  in  a  young  milkmaid  involving  almost  the  entire  lower 
jaw.  The  loosened  teeth  subsequently  became  perfectly  linn,  and  the 
restoration  of  the  lower  jaw  was  very  satisfactory.  In  case  of  infec- 
tion of  the  internal  organs,  with  diffuse  foci  located  in  the  thoracic  or 
peritoneal  cavities,  all  treatment  is  nsually  unavailing,  and  even  the 
recognition  of  the  disease  may  pi'esent  the  greatest  difficulties.  In 
cases  not  suitable  for  operation,  preparations  of  iodine  (iodide  of  potas- 
sium and  of  sodium)  should  be  trie<l ;  the  course  of  the  disease  has 
been  favourably  influenced  by  these  in  a  number  of  cases.  Tultcrculin 
has  also  been  employed  with  varying  results. 
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CHAPTER  II. 

INJURIES   AND   StTRGICAL   DISEASES    OF  THE   SOFT   PABT8. 

(SKIK,  CELLULAR  TISSUE,   MUCOUS  MEMBRANES,  BLOOD-VESSELS,  LYMPHATIC  STSTEX, 
NERVES,   MUSCLES,  TENDONS,  TENDON  SHEATHS,  BUBSJE.) 

Wounds  of  the  soft  parts  (incised  wounds,  punctured  wounds  [phlebotomy],  contused 
and  lacerated  wounds). — Treatment  of  wounds  of  the  soft  parts  (haBmostasi8,teoo^ 
rhaphy,  neurorrhaphy  [muscle-  and  nerve-regeneration],  suture  of  a  wound,  dre» 
ing). — Treatment  of  the  conditions  following  severe  loss  of  blood  (transfosioD, 
salt  infusion). — Burns;  sunstroke;  injuries  from  lightning;  congelation;  gunshot 
wounds  of  soft  parts ;  of  bones  and  joints. — Subcutaneous  injuries  of  soft  pirti 
(contusion  ;  subcutaneous  rupture  of  tissue ;  muscular  hernia ;  dislocation  of  tea- 
dons  and  nerves). — Inflammations  and  diseases  of  the  soft  parts  (skin,  cellalar  ti«> 
sue,  mucous  membranes,  arteries,  veins,  lymphatic  system,  nerves,  muscles,  tendon 
sheaths,  bursie). — Gangrene  of  the  soft  parts. 

§  87.  Wounds  of  Soft  Parts. — Of  the  various  kinds  of  wounds,  the 
simple  incised  wounds  are  the  ones  which  present  most  clearlj  for  the 
beginner  the  symptomatology  of  wounds  of  soft  parts,  and  hence  we 
shall  begin  with  them. 

Symptomatology  of  Wonnds,  particularly  Xncised  Wonnda. — The  chief 
symptoms  revealed  by  every  wound  are  pain,  hsemorrhage,  and  gaping 
of  the  edges. 

Wound  Pain. — The  degree  of  pain  from  a  wound  varies  with  the 
peculiarities  of  the  individual,  the  portion  of  the  body  affected,  and  the 
nature  of  the  injury.     Every  one  knows  that  the  susceptibility  to  pain 
manifested  by  different  people  is  very  variable.     As  regards  the  loca- 
tion of  the  injury,  wounds  of  the  fingers,  lips,  nose,  the  external  geni- 
tals, and  bone  are  particularly  painful.     The  division  of  a  sensory  or 
mixed  peripheral  nerve  is  accompanied  by  overpowering  pain,  while 
division  of  the  white  matter  of  the  brain,  in  spite  of  the  numeroos 
nerve  fibres  it  contains,  causes  no  pain  to  speak  of.     K  the  divisioii  of 
the  tissues  is  done  rapidly  with  a  sharp  instrument,  the  sensation  of  pain 
is  less  than  when  it  is  done  slowly  and  with  blunt  instruments.    Con* 
se(iiieiitly  it  is  best,  particularly  in  patients  who  are  not  chloroformed, 
to  oj)erate  with  a  sharp  knife,  and  to  divide  the  skin,  with  its  riA 
supply  of  nerves,  rapidly  by  a  single  stroke.     In  gun-shot  wounds  the 
tissues  are  divided  so  quickly  that  the  pain  is  often  slight. 
462 
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The  subjective  feeling  of  pain  accompanying  the  injury  is  less  im- 
portant for  the  physician  and  has  less  bearing  upon  the  treatment  than 
the  other  objective,  perceptible  symptoms — the  haemorrhage  and  the 
ppiDg  of  the  margins  of  the  wound. 

Gaping  of  the  Wonnd. — The  gaping  of  the  wound— that  is,  the 
separation  of  the  divided  soft  parts — is  caused  by  the  tension  and  elas- 
ticity of  the  tissues  and  by  the  contractility  of  the  muscular  elements. 
Hence  it  is  natural  for  the  skin,  fascia,  tendons,  muscles,  vessels,  nerves, 
etc,  after  being  divided,  particularly  if  in  a  transverse  direction,  to  be 
polled  asunder. 

Hflniiorrhage. — The  haemorrhage  (extravasation)  is  the  most  impor- 
tant manifestation  in  the  wound.  In  every  division  of  tissue,  lymph, 
in  addition  to  blood,  is  poured  out  of  the  divided  lymph  spaces  and 
Ijmph  vessels ;  but  the  outflow  of  lymph  is  arrested  partly  by  coagu- 
lation and  partly  by  even  a  very  slight  resistance  in  the  wound,  as  the 
iinount  of  pressure  in  the  lymphatic  vessels  is  very  small,  being  no 
greater  than  in  the  surrounding  tissues.  Besides  the  blood  and  the 
lymph,  when  injuries  involve  such  structures  as  glands,  joints,  etc., 
there  may  be  an  escape  of  the  fluid  peculiar  to  these  organs,  such  as 
glandular  secretion,  synovia,  etc. 

We  are  mainly  interested  in  the  extravasation  of  blood  from  the 
Teasels— haemorrhage.  This  is  either  arterial,  venous,  or  capillary — 
ie.,  parenchymatous. 

Arterial  HsBmorrhage. — Arterial   hsemorrhage  is  characterised  by 
hright-red  blood  which  spurts  in  a  smaller  or  larger  stream  from  the 
injured  vessel.     When  there  is  danger  of  asphyxia,  the  colour  of  the 
•rterial  blood  is  not  bright  red  but  dark  red,  like  venous  blood ;  in- 
deed, in  bad  cases  of  asphyxia,  shortly  before  death,  the  blood  has  a 
lemarkably  dark-red  or  ^even  an  actually  black  colour.     Under  such 
ctmditions,  as  a  result  of  the  threatening  cardiac  paralysis,  the  blood 
ppeasure  in  the  arterial  system  is  so  lowered  that  the  blood  does  not 
^>nrt  forth  in   jets,  but  flows  more  continuously  or  suddenly  ceases 
entirely,  as  we  have  described,  for  example,  on  page  30,  in  case  of 
ftreatened  death  from  chloroform.     The  bleeding  from  small  arteries 
tttnally  ceases  of  its  own  accord  from  retraction  and  contraction  of  the 
irterial  walls  and  from  the  pressure  of  the  surrounding  tissues.     In 
Iirger  arteries  the  bleeding  does  not  stop  of  itself,  and  the  injured 
person  bleeds  to  death  unless  the  haemorrhage  is  arrested  by  artificial 
iDeans.    The  amount  of  the  haemorrhage  depends,  of  course,  when  the 
artery  is  entirely  divided,  upon  the  size  of  the  vessel,  and,  when  par- 
ially  divided,  upon  the  size  of  the  opening  in  the  wall  of  the  vessel, 
longitudinal  wounds  of  an  artery  are  not  so  dangerous  as  transverse 
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ones,  as  the  latter  gape  more,  and  consequently  render  spontaneous 
arrest  of  the  haemorrhage  difficult.  A  transverse  division  of  a  large 
artery,  snch  as  the  common  carotid,  the  brachial,  or  femoral,  will  be 
followed  by  death  from  loss  of  blood  in  a  short  time,  except  in  the  case 
of  punctured  wounds,  or  in  contused  and  lacerated  wounds.  In  con- 
tused and  lacerated  wounds,  even  in  those  resulting  from  tearing  away 
an  extremity,  the  haemorrhage  may  be  very  slight.  The  contused  and 
lacerated  vessels  are  crushed,  and,  in  the  case  of  arteries,  the  media  and 
intima  are  rolled  inwards,  while  the  adventitia  is  likewise  twisted  or 
pressed  together ;  hence  the  bleeding  is  only  slight.  But  in  all  con- 
tused wounds  secondary  hsemorrhage  very  frequently  occurs  when  the 
contused  portion  of  the  vessel  or  the  thrombus  separates.  Secondary 
haemorrhage  also  readily  results  from  punctured  wounds  of  arteries 
which  have  been  closed  by  a  temporary  contraction  of  the  elastic  arte- 
rial wall  or  by  a  blood-clot. 

HflBmorrhage  from  the  Veini. — In  haemorrhage  from  the  veins  the 
dark-red  blood  flows  out  more  continuously,  and  when  a  vein  is  com- 
pletely divided  it  flows  most  freely  from  the  peripheral  end.  In  large 
veins,  when  the  valves  are  insufficient,  or  when  in  the  neighbourhood 
of  the  injury  large  branches  open  into  the  main  vein,  the  blood  flows 
backwards  out  of  the  central  end.  Under  these  conditions  haemor- 
rhage takes  place  from  both  ends  of  the  divided  vein.  Haemor- 
rhage from  the  large  veins  in  the  neighbourhood  of  the  trunk  is  par- 
ticularly dangerous  to  life  if  aid  is  not  at  hand ;  the  dark-red  blood 
usually  wells  forth  in  great  quantities.  But  patients  have  occasionally 
bled  to  death  even  from  varicose  veins  of  the  leg.  The  reasons  for 
such  severe  haemorrhage  are  that  the  return  flow  of  venous  blood  from 
the  dilated  veins  of  the  leg  is  rendered  difficult  by  the  dependent  posi- 
tion of  the  veins  and  by  the  partial  obliteration  of  the  venous  channels 
by  previous  inflammatory  thrombi,  and  that  the  patients  often  have 
absolutely  no  idea  of  how  to  help  themselves.  Under  such  circum- 
stances, insteatl  of  elevating  the  leg  and  compressing  the  wound  with 
the  finger,  they  use  the  strangest  kind  of  methods  for  arresting  haem- 
orrhage. 

HsBmorrhage  from  Capillaries. — The  haemorrhage  from  the  capil- 
laries and  small  veins  usually  ceases  spontaneously  in  consequence  of 
the  retraction  of  their  walls,  and  particularly  l)ecause  of  the  coagulation 
of  the  blood  (see  page  290).  It  is  well  known  that  the  blood  which 
leaves  the  vascular  passage  coagulates,  and  a  blood-clot,  a  so-called 
thrombus,  forms  in  the  wound  in  the  vessel  (see  page  296),  which 
not  onlv  shuts  off  the  communication  of  the  vessel  ^Wth  the  exterior, 
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but  also  extends  for  some  distance  into  its  lumen.     In  this  way  the 
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liffmorrhage  ceas(^,  provided  the  blood-clot  is  not  washed  away  by  the 
blood  current.  The  thrombosis  takes  place  the  more  rapidly  and  cer- 
tainlj  the  less  the  blood  pressure  is  in  the  vessels,  particularly  the 
(apiJiaries  and  small  veins.  But  the  spontaneous  closure  by  a  throm- 
bus of  a  wound  in  an  artery  or  large  vein  which  is  adherent  to  the  sur- 
roanding  parts  is  difficult  or  even  impossible. 

The  Besults  of  a  Oreat  Losi  of  Blood. — After  a  great  loss  of  blood 
there  follows  a  falling  off  of  the  arterial  pressure  and  a  cardiac  weak- 
ness whereby  thrombus  formation  is  facilitated.  A  severe  haemor- 
rhage is  thus,  in  itself,  more  or  less  haemostatic  in  its  effects.  In  the 
nme  way  haemorrhage  is  much  diminished  by  transitory  heart  weak- 
0688  during  a  fainting  spell,  even  when  due  to  psychic  influences.  As 
a  result  of  severe  haemorrhage  the  blood  itself  is  changed.  It  becomes 
richer  in  colourless  corpuscles,  which  flow  out  of  the  vessels  of  the 
fimallest  calibre  where  they  had  accumulated,  and  the  Ijmph,  with  the 
lymph  corpuscles,  also  streams  with  greater  rapidity  and  in  greater 
quantities  into  the  depleted  vascular  system.  Under  these  circum- 
stances the  coagulability  of  the  blood  increases,  and  this  again  facili- 
tates the  spontaneous  arrest  of  haemorrhage.  If  a  dog  is  bled  to  death 
by  repeated  phlebotomies,  the  blood  last  taken  from  the  animal  will 
often  coagulate  almost  immediately. 

Further  Manifestations  Following  Severe  Loss  of  Blood. — The  further 
symptoms  following  severe  loss  of  blood  consist  in  pallor  and  cold- 
ness of  the  skin  particularly  that  of  the  face  and  the  extremities,  in 
peat  weakness,  spots  before  the  eyes,  ringing  in  the  ears,  nausea, 
vomiting,  a  feeling  of  anxiety,  vertigo,  fainting  attacks,  etc.  The 
certain  precursors  of  rapidly  approaching  death  from  loss  of  blood  are 
aevere  dyspnoea,  stoppage  of  the  glandular  secretions,  loss  of  conscious- 
ness, dilatation  of  the  pupils,  involuntary  evacuation  of  urine  and 
feces,  convulsions  which  are  excited  by  sensory  irritation,  such  as  a 
needle-prick,  etc.  The  high  grade  of  dyspncea  and  the  convulsions 
preceding  death  from  haemorrhage  are  a  result  of  the  rapid  impoverish- 
©ent  of  the  brain  in  oxygen,  such  as  occurs  in  strangulation  (Rosenthal). 
The  same  set  of  symptoms,  it  is  well  known,  make  their  appearance  in 
the  Kussmaul-Tenner's  experiment,  when  by  occlusion  of  the  carotid 
snd  vertebral  arteries  an  acute  cerebral  anaemia  is  excited,  or  when  the 
return  flow  of  the  venous  blood  is  suddenly  interru])ted. 

Powers  of  Withstanding  Loss  of  Blood. — The  power  of  withstand- 
ing Joss  of  blood  appears,  to  a  certain  extent,  to  1)0  Rul)ject  to  individ- 
ual variations.  After  severe  loss  of  l)Iood  every  snriiceon  has  seen  in 
i  relatively  short  time — two  to  three  days — threatening  symptoms 
Tinish  in  cases  where  he  expected  certain  death ;  and  again,  on  the 
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other  hand,  some  patients  go  into  collapse  after  the  loss  of  very  littT; 
blood.     Very  young  children  may  be  endangered  by  an  insignificaxzii 
hsemorrhage,  and  weakly  children  a  year  old  have  died  after  a  Iobs  o/ 
only  two  hundred  and  fifty  grammes  of  blood.     In  strong  adults,  who 
are  otherwise  healthy,  the  loss  of  half  the  total  amount  of  blood  is  sore 
to  be  fatal.    Women  appear  to  stand  loss  of  blood  better  than  men.   The 
formation  of  new  blood  seems  to  take  place  more  easily  and  rapidly  in 
them  on  account  of  the  periodic  replacement  of  the  blood  lost  in  everjr 
menstruation  (Landois).     Fat  people  and  old  and  weak  individuals  are 
very  susceptible  to  loss  of  blood.     The  more  rapidly  the  haemorrhage 
takes  place  the  more  dangerous  it  is.  ^ 


Death  from  HsBmorrhage  observed  in  Experiments  on  Animala— In  gen- 
eral, the  facts  which  we  have  ascertained  by  bleeding  dogs  to  death  experi- 
mentally are  also  applicable  to  man.  As  much  as  a  quarter  of  their  total 
normal  quantity  of  blood  has  been  withdrawn  from  dogs  by  phlebotomy 
without  causing  the  blood  pressure  in  the  arteries  to  sink  permanently. 
During  the  phlebotomy  the  arterial  pressure,  of  course,  falls  oJQP  rapidly,  and 
the  pulse  becomes  small.  But  very  soon,  even  in  a  few  minutes,  the  pul» 
again  becomes  stronger,  the  blood  pressure  rises,  not  because  the  contents 
of  the  vascular  system  have  correspondingly  increased,  but  simply  for  the 
reason  that  the  arteries  contract  in  consequence  of  the  irritation  of  the  vaao. 
motor  centre  in  the  medulla  oblongata  produced  by  the  anaemia,  and  thua 
accommodate  themselves  to  the  diminished  amount  of  blood  they  contain 
(Landois).  The  anaemia  caused  by  the  loss  of  blood  acts  as  a  stimulant  to  i 
the  centre  of  the  vasomotor  nerves.  It  overcomes  the  transitory  fall  in 
pi-essure  following  the  loss  of  a  certain  quantity  of  blood  which  is  within  the 
above-mentioned  limit.  The  rapidity  with  which  the  blood  flows  and  the  i 
frequency  of  the  cardiac  contractions  remain  the  same  as  before  the  haBm(»* 
rhage.  But  if  more  than  a  quarter  of  its  contents  is  withdrawn  from  the 
vasculai*  system — a  third,  for  example — the  arterial  pressure  does  not  again 
rise,  but  remains  lowered,  the  rapidity  of  the  current  decreases,  and  the  con- 
traction of  the  heart  becomes  slower  in  consequence  of  the  incomplete  filling 
of  the  ventricle.  But  as  the  vagus  centre  receives  less  stimulation  in  c(Hiae- 
quence  of  the  diminished  arterial  pressure,  the  frequency  of  the  pulse  is  usu- 
ally accelerated  (Cohnheim).  At  the  same  time,  a  change  takes  place  in  the 
composition  of  tlie  blood,  the  water  it  contains  being  increased  by  absorption  i 
of  the  pai'enchymatous  liquids  and  by  the  accelerated  flow  of  the  lymph  from 
the  thoracic  duct  As  a  result  of  the  lowered  blood  pressure  the  contcnti 
of  the  capillaries  do  not  transude  any  longer  from  within  outwards,  butthfr 
reverse  condition  prevails :  there  ensues  a  diffusion  and  absorption  from  with- 
out inwards  (Cohnheim). 

In  man,  a  loss  of  blood  amounting  to  about  one  half  of  the  total  noF 
mal  quantity  always  proves  fatal;  but  even  a  moderate  loss,  amonnt^  j 
ing  to  a  quarter  of  the  total  quantity,  would  give  rise  to  serious  dangen  i 
for  the  organism  in  a  short  time,  unless  the  blood  lost  were  replaced   i 
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bj  a  corresponding  regeneration  of  blood.  The  hsemorrliages  which 
ire  difficalt  to  stop  and  occur  in  bleeders,  as  they  are  called  (see  pages 
63-65),  are  especially  dangeroas. 

legfeneratioii  of  the  Blood  after  a  HsBmorrhage.— If  the  bleeding  does  not 
go  on  to  death  the  blood  is  restored  by  absorption  from  the  tissues  or  from 
ihf  food  taken  in,  the  first  to  be  absorbed  being  the  serum  sanguinis,  with  the 
dissolved  salts,  and  then  the  albumen.  A  longer  time  is  required  to  form 
new  red  blood-corpuscles.  The  great  thirst  following  profuse  haemorrhage 
is  characteristic.  The  patients  eagerly  drink  great  quantities  of  water.  The 
regenerated  blood  is  at  first  abnormally  watery  (hydraemie)  and  poor  in  cells 
(oligocythaemia,  hypoglobulous).  As  a  result  of  the  greater  flow  of  lymph 
into  the  blcKMl  the  number  of  the  white  blood-corpuscles  is  greatly  increased, 
and  then  their  amount  falls  off ;  the  red  blood-corpuscles  again  attain  their 
usual  number,  and  the  composition  of  the  blood  gradually  returns  to  the 
normal.  We  do  not  as  yet  know  certainly  how  the  restoration  of  the  red 
blood-corpuscles  takes  place.  The  most  generally  accepted  view  is  that  col- 
ourless corpuscles  are  being  constantly  formed  in  the  lymph  glands,  in  the 
spleen,  the  bone  marrow,  and  in  the  liver,  and  a  certain  number  of  these 
colourless  corpuscles  change  into  the  red  disks  (Neumann,  Erb).  After  mod- 
erate losses  of  blood  in  animals,  Buntzen  saw  the  volume  of  the  blood 
restored  in  a  few  hours,  and  when  the  loss  was  severe,  within  twenty-four  to 
forty-eight  hours.  The  red  blood-corpuscles,  after  haemorrhages  amounting 
to  from  1.1  to  4.4  per  cent  of  the  body  weight,  were  again  complete  after  the 
lapae  of  seven  to  thirty-four  days.  The  beginning  of  the  regeneration  was 
proved  to  take  place  after  forty -eight  hours. 


Sntrance  of  Air  into  the  Veins. — Among  the  dangers  which  may 
follow  an  injury  to  a  vein,  particular  mention  should  be  made  of  the 
entrance  of  air  into  the  vein,  a  matter  which  we  discussed  on  page  65. 
Of  the  other  symptoms  caused  by  wounds,  those  are  of  especial 
importance  which  indicate  division  of  the  muscles,  tendons,  and  nerves, 
or  the  opening  of  a  joint  or  a  cavity  of  the  body.  I  shall  refer  to  the 
I»tter  complications  under  Injuries  of  Joints,  and  in  the  Text-Book  on 
Begional  Surgery  (injuries  of  the  cranial  cavity,  thorax,  and  abdomen, 
mm!  of  the  separate  joints). 

Dirifion  of  Mmdei  and  Tendons. — The  symptoms  which  indicate  a 
division  of  muscles  and  tendons  are  very  simple ;  they  consist  in  dis- 
turbance of  the  function  of  the  affected  muscle,  and,  in  addition,  the 
divided  muscles  and  tendons  can  usually  be  seen  at  once  when  the 
incified  wound  is  carefully  inspected. 

Diviflion  of  the  Herves. — The  symptoms  following  division  of  tlie 
peripheral  nerves  (we  omit  incomplete  divisions,  contusions,  and 
ranctures  of  nerves)  consist  likewise  in  a  corresponding  functional 
[iffturbance  of  the  affected  peripheral  nerve — in  other  words,  in  sen- 
yry  and  motor  disturbances. 
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Degeneration  of  Herve  Fibres  cut  off  from  their  Centret. — Nerve  fibr 
cut  off  from  their  connection  with  the  central  nervous  system  after 
time  lose  their  excitability ;  they  undergo  a  fatty,  granular  degeaer 
tion,  which  involves  the  entire  separated  portion  of  the  nerve  down  i 
its  finest  peripheral  branches  (Miiller,  Waller).  The  sensory  fibra 
according  to  Waller,  degenerate  not  in  the  peripheral  but  in  the  cen 
tral  portion  when  the  posterior  root  is  cut  above  the  spinal  gangiioa 
The  spinal  ganglion  consequently  plays  the  same  part  in  the  preserva- 
tion of  the  sensory  fibres  that  the  spinal  cord  does  for  the  motor.  The 
paralytic  degeneration  probably  occurs  simultaneously  in  the  whole 
length  of  the  peripheral  portion,  not  spreading  from  the  point  of  sec- 
tion towards  the  periphery,  nor  beginning,  as  Schiff  describes  it,  in  the 
peripheral  network.  The  contents  of  the  nerve  finally  disappear  com- 
pletely, and  probably  the  empty  neurilemma  also.  The  connective 
tissue  of  the  nerves  is.  the  seat  of  an  inflammatory,  nuclear  prolifen- 
tion.  There  is  still  a  division  of  opinion  as  to  whether  or  not  thi 
degeneration  likewise  involves  the  peripheral  end  organs,  such  a£  the 
tactile  corpuscles,  the  rods  of  the  retina,  the  terminations  of  the  ol 
factory  nerves,  etc.  Recently  F.  Krause  has  carefully  studied  th( 
ascending  and  descending  degeneration  of  divided  nerves,  and  he  stato 
that  all  the  sensory  fibres  in  the  peripheral  segment  of  the  nervi 
which  are  connected  with  a  trophic  centre  in  the  periphery,  such  « 
Meissner's  tactile  corpuscles,  remain  intact,  but  the  central  segment  oi 
the  nerve  undergoes  degeneration.  On  the  other  hand,  all  the  inotoi 
nerve  fibres  and  the  sensory  fibres  of  the  bones,  periosteum,  joints, 
muscles,  tendons,  and  the  sensory  fibres  terminating  free  in  the  skin 
persist  in  the  central  nerve  segment  and  degenerate  in  the  peripheral 
portion  of  the  nerve.  At  the  same  time  that  these  degenerative  pro- 
cesses are  taking  place  in  the  nerves,  the  muscles  atrophy  and  in  part 
undergo  fatty  degeneration. 

The  disturbances  of  sensation  after  division  of  nerves  arc  not  so 
pronounced  as  the  motor- paralytic  manifestations.  If,  for  example,  a 
mixed  nerve  in  the  extremities — such  as  the  median  or  ulnar— is  di- 
vided, the  manifestations  of  motor  paralysis  are  always  exhibited  in  a 
typical  manner,  while  the  sensory  paralysis  may  be  very  slight  or  almost 
completely  absent,  because  the  collateral  anastomoses  of  the  neighbou^ 
ing  uninjured  nerves  take  up  vicariously  the  conduction  of  the  seneorj 
impulses.  There  is  an  intimate  anastomosis  between  the  finer  nerv( 
hrauc-hes  in  the  skin,  particularly  upon  the  fingers,  and  in  the  face 
The  individual  perceptive  senses  appear  to  behave  differently  afte 
injuries.  It  sumetinies  happens  that  all  the  senses — that  is,  the  tactil 
temperature,  and  pain  sense — are  lost  after  division  of  a  nerve,  ortlu 
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are  more  or  less  retained ;  in  still  other  cases  only  the  tactile  sense 
femts  while  the  pain  and  temperature  senses  are  suspended.     Imme- 
diatelj  after  the  injury  the  disturbances  of  sensibility  are  most  pro- 
ooQDced,  and  after  four  to  six  days   the  manifestations  of  sensory 
piralysis  improve  without  its  necessarily  following  that  a  regeneration 
of  the  nerve  has  occurred  at  the  injured  point.    Indeed,  the  disturbance 
of  sensibility  may  disappear  more  or  less  completely,  though,  in  fact, 
DO  nnion  has  taken  place  between  the  divided  ends  of  the  nerve.     The 
collateral  paths  gradually  take  on  more  and  more  activity,  or  new- 
formed  nerve-fibres  grow  from  the  uninjured,  collateral  nerves  into 
the  anaesthetic^  cutaneous  district. 

As  r^ards  the  motor  disturbances,  the  muscles  supplied  by  any 
particular  motor  or  mixed  nerve  are  always  paralysed  after  division  of 
this  nerve.  The  position  of  the  hand — for  instance,  after  division  of 
the  musculo-spiral,  median,  or  ulnar  nerve,  is  always  a  typical  one  (see 
Regional  Surgery).  Variations  from  the  general  rule  of  course  may 
oecur  when  there  are  anomalies  in  innervation.  There  is  observed, 
however,  after  nerve  division,  especially  in  the  subsequent  course  of 
the  case,  more  or  less  substitution  in  the  sense  that  other  muscles,  sup- 
plied by  an  uninjured  nerve,  perform  singly  or  in  groups  the  duties 
of  the  paralysed  muscles.  According  to  Leti6vant,  these  substitutions 
may  act  so  perfectly,  when  occurring  between  the  ulnar  and  median 
nerves,  for  example,  that  it  is  possible  on  superficial  examination  to 
overlook  an  actually  existing  paralysis  of  the  parts  supplied  by  the 
divided  nerve.  Kiister  and  Falkenheim  have  described  analogous 
ttees.  If,  after  division  of  a  mixed  or  motor  nerve,  paralysis  is  par- 
tially or  entirely  absent,  the  cause  is  to  be  ascribed,  according  to  ob- 
servations made  upon  such  cases  by  Kraussold,  Spillman,  and  others,  to 
anomalies  of  innervation  or  to  the  persistence  of  undivided  collateral 
nerve  filaments  which  connect  the  central  and  peripheral  stump  of  the 
divided  nerve.  The  further  towards  the  centre  a  motor  or,  rather, 
mixed  nerve  is  divided,  so  much  the  more  extensive  are,  of  course,  the 
symptoms  of  motor  paralysis. 

Of  the  other  symptoms  which  follow  division  of  peripheral  nerves 
I  should  briefly  mention  the  following :  Very  frequently,  indeed 
almost  always,  the  patients  after  division  of  a  nerve  complain  of  a 
marked  sensation  of  cold  in  the  paralysed  district.  Hutchinson  states 
iat  the  difference  in  temperature  amounts  to  from  2.2°  to  5°  C.  (4°  to 
^  F.).  Kraussold  and  Rohden  found  that  the  temperature  in  the 
aralysed  parts  after  division  of  the  ulnar  nerve  was  lowered  as  much 
(  6^  to  9.8®  C.  (10.8*"  to  17*"  F.).  In  rare  cases  the  temperature  in  the 
iralysed  parts  has  been  observed  to  be  elevated  2°  to  5°  C.  (3.6°  to 
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9°  F.)  (Haym).  Other  mamfestatione  are  a  liurning,  prickliug  pain, 
formication,  an  increase  in  the  secretion  of  sweat  or  a  remarkable  dry- 
neBfi  of  the  involved  area  of  skin,  and,  fioallj,  cutaiieouH  affections 
such  as  herpes  7.0Bter,  eczema,  pemphigus,  ecthyma  piustuleB,  dieturh- 
ancee  in  the  nutritioQ  of  the  skin,  such  as  tlie  fonnatioQ  of  eschars, 
ulceration,  or  gangrene,  especialij-  on  the  finger-lipe.  The  skin  is 
cedematoue,  bluish  red,  or  abnormally  ]>ale.  In  the  periosteum  and 
bones  inflammatory  and  trophic  disturbances  are  also  observetl.  In 
the  joints  there  are  «iriouH  effusions  taking  the  form  of  chronic  hy- 
drarthrosis or  subacute  articular  rheumatism,  adhesive  joint  inflam- 
mations, now  and  then  terminating  in  a  stiff  joint. — anchylosis.  Tho 
neuroparalytic  (neuropathic)  joint  disturbances,  resembling  a  subacute 
articular  rheumatism,  lead  to  a  painful  swelling  of  the  joint,  and  finally 
to  distention  and  subluxation  of  tlie  articular  surfaces,  to  marked  atro- 
phy of  the  bone,  and  to  destruction  of  the  whole  joint.  All  of  the 
last-mentioned  changes  in  the  bones  and  joints  occur  only  as  the  final 
results  following  an  unhealed  division  of  a  nerve.  After  the  paralysis 
has  lasted  some  time  a  progressive  atrophy  of  the  portion  of  the  body 
in  question  takes  place  not  only  in  the  muscles  and  the  soft  parts  but 
also  in  the  bones.  The  electrical  excitability  of  the  divided  nerves  and 
muscles  decreases  by  degrees,  and  finally  is  tost  entirely. 

I.  Ponotured  Wonnda — Punctured,  contused,  and  lacerated  wounds 
present  many  peculiarities,  and  it  is  therefore  necessary  to  study  them 
somewhat  more  in  detail. 

Punctured  wounds  are  produced  by  sharp  or  blunt-pointed  instru- 
ments, such  as  swords,  daggers,  knives,  needles,  splinters  of  glass  or 
wood,  etc.  Arrow  wounds  of  the  Indians,  for  example,  are  described* 
in  §  S'2.  Punctured  wounds  belong,  in  the  majority  of  cases,  to  simple 
wounds,  and  heal  comparatively  quickly  if  the  injury  does  not  involve 
deeply  lying  parts,  such  as  vessels,  nerves,  joints,  or  the  large  cavities 
of  the  body  with  their  contents,  including  the  cranial  cavity,  the  pleural 
or  peritoneal  cavities.  Sharp-pointed  instruments  in  general  produce 
punctured  wounds  with  smooth  borders,  while  blunt-pointed  objects  are 
more  apt  to  contuse  the  borders  of  the  wound.  Punctured  wounds,  as 
a  general  thing,  correspond  in  shape  to  the  instrument  by  which  the 
wound  was  produced — a  fact  which  is  of  especial  importance  in  medical 
jnrisprudenee. 

lu  a  great  numlier  of  punctured  wounds  the  depth  of  the  wound  is 
disproportionately  great  in  comparison  to  its  length  and  width,  and  the 
nature  of  the  injury  is  not  so  apparent  as  in  incised  wounds.  If  lat^ 
arteries  or  veins  have  been  injured,  the  htemorrhage  which  appears 
externally  may  be  relatively  slight.     If  a  large  artery  is  punctured,  at 
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tie  mament  of  the  injarj'  a  great  bright-red  Btream  of  blood  spurts 
«it;  bat  after  removal  of  the  iQgtruiiieQt  only  a  little  blood  trickles 
from  the  woond,  bocanse  the  puncture  iu  the  arcerj  has  beeu  closed  by 
tlie  elasticity  of  the  arterial  wall.  Should  the  litemorrhage  continue 
from  the  artery,  it  does  not  appear  externally,  but  takes  place  into  the 
tiaguee  sorrounding  the  vessel,  because  the  soft  parts  divided  by  the 
jHmcture  fall  together  again,  and  do  not  permit  the  blood  to  escape  to 
tk  surface  of  the  body.  Under  such  conditions  a  large  blood  tumour 
iwtns,  a  so-called  traumatic  aneurysm,  in  contradistinction  to  the  true 
iiiear)'sm,  which  is  a  more  gradually  developing,  sacculated,  or  spin- 
dle-shaped dilatation  of  aa  artery.  In  the  traumatic  aneurysm  there  ia 
beard,  upon  auscultation  with  the  stethoscope  over  the  blood  tunionr 
ud  so  over  the  point  of  injury,  a  systolic  bruii  or  murmur  isochronous 
with  the  pulse,  caused  by  the  outflow  of  the  blood  through  the  opening 
ia  the  artery  into  the  surrounding  tissues.  This  systolic  murmur,  fol- 
lowing a  panctore  in  an  artery,  ceases  immediately  when  the  artery 
involved  is  compressed  above  the  point  of  injury  or  when  the  hole  in 
tbe  vessel  becomes  closed  by  a  thrombus.  No  sound  is  heard,  however, 
then  the  artery  is  cut  completely  across.  These  murmurs  are  of  great 
di^OBtic  importance. 

Fanctnnd  Wounds  UTolnng  a  Vein  and  Artery. — If  an  artery  and  a 
Ton  are  injured  simaltaneously  by  a  puncture  (as  may  occur,  for  exam- 
ple, in  phlebotomy  when  the  point  of  the  knife  is 
flack  too  deeply  into  the  median  basilic  vein  and 
peaetratee  the  brachial  artery  lying  under  the  vein), 
there  may  result  a  permanent  communication  be- 
tween the  artery  and  the  vein ;  a  sac  is  formed 


•.  !51.— AneuTjuna  «rt«rii>-veni»um 

(A'>  at  the  bend  of  the  elboi 

rwulting  from  venwoclion ;  b.  artei 

■ia  brachiali"  (Bell).    Tho  sm 

A  or  the  uituriiin  is  liid  open  (Fn 

Jricp). 

(Tigs.  351,  352),  into  which  flows  the  blood  of  the  artery  as  well  as 
that  of  the  vein.  This  condition  is  called  ancurismal  varix,  or  varicose 
m,  or,  better  still,  arterio-venous  aneurism. 


i^ht  elbow). 
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leohniqne  of  Phlebotomy,  or  Vesewction.— This  is  perhaps  the  best  plac^ 
for  briefly  considering  blood-letting.  Venesection,  or  phlebotomy,  former*^ 
much  used  for  all  sorts  of  diseases,  is  at  present  almost  never  done  in  surg^io^ 
practice.     Phlebotomy  is  performed  almost  exclusively  on  the  veins  of  Lb* 

elbow,  particularly  tfe 
median  basilic,  whicbii 
generally  the  best  d*- 
veloped  (Fig.  353).  lli» 
to  be  noted  that  theme- 
dio-basilic  vein  cnwH 
the  brachial  ajiery.aod 
at  tfa  is  point  is  onl;  sep- 
arated from  it  by  lb« 
very  thin  aponeurow 
of  the  bic«ps  muscle; 
consequently  before  lie 
operation  it  is  best  Id 
^  feel  for  the  pulsationirf 
the  artery,  and  to  opea 
the  vein  either  above  or 
below  the  point  when 
they  cross.  In  order  to 
avoid  subsequent  ntn* 
ralgia  the  middle  and 
external  cutaneous  nerves  (Fig.  363)  should  not  be  injured.  Phlebotomj  i» 
performed  in  the  following  manner:  la  the  first  place,  the  middle  of  tiw 
(upper)  arm  is  encircled  by  a  bandage,  or  piece  of  folded  cloth,  to  prralnw 
venous  stasis  and  distention  of  the  vein.  The  tourniquet  should  not  be 
applied  so  tightly  as  to  close  the  artery ;  the  radial  pulse  must  therefore  p^ 
sist.  The  arm  should  hang  down,  to  permit  a  more  complete  filling  of  ibe 
vein.  The  vein  is  best  opened  with  a  pointed  scalpel  after  the  field  of  opem- 
tion  has  been  carefully  scrubbed  with  soap,  shaved,  and  disinfected.  If  the 
outflow  of  blood  is  not  free  it  can  be  made  to  twcome  so  by  muscular  con- 
tractions— for  instance,  by  opening  and  closing  the  hand.  When  a  sufficient 
amount  of  blood  lias  escaped,  the  wound  is  closed  by  the  linger,  the  lounii- 
quel  removed,  and  the  small  wound  covered  with  an  antiseptic  dressing 
which  exerts  a  slight  pressure.  This  small  operation  must,  of  course,  beW- 
ried  out  with  a  careful  observance  of  antiseptic  precautions.  In  the  preanti- 
septic  days  suppurative  venous  thrombosis  and  death  from  pyaemia  weRoI 
relatively  frequent  occurrence. 

Spontaneoiu  healing  of  a  Fnnetiired  Wonnd  in  a  VeneL — A  pnm-tnre 
in  an  artery  can  lieal  spontaneously  if  there  is  not  too  much  gaping"' 
the  wound.  Tiie  small  ojwning  ie  closed  by  the  contraction  of  tbe 
elastic  walls  of  the  vessel  or  by  a  blood-clot.  In  the  ease  of  larpw 
arteries  the  formation  of  a,  blood-clot  closing  the  hole  is  ren<lered  diffi- 
cult in  consequence  of  the  high  intra-arterial  pressure.  In  smaller 
arteries,  where  the  pressure  is  not  too  great,  the  coagulam  is  more 
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likely  to  remain  in  position,  and  the  clot  extending  into  the  lumen  of 
the  vessel  may  ret-eive  fresh  layers  from  t!ie  blood  liowiiig  by  it,  and 
thns  there  ean  result  a  complete  closure  of  this  portion  of  the  vessel 
— in  other  words,  a  completely  occluding  arterial  thrombus.  But  in 
all  cases  where  spontaneous  heuling  of  a  puncture  in  a  vessel  is  accom- 
plished by  a  clot,  there  is  the  danger  that  the  latter  may  be  swept 
away  at  any  time  should  there  be  eousiderahle  iutra-arterial  pres- 
sure, and  thus  a  renewal  of  the  bleeding  will  take  place — a  so-called 
secondary  hiemorrbage.  Punctured  wouuda  of  veins  heal  spontane- 
ously very  readily  by  becoming  closed  with  a  thrombus.  The  blood 
coagulates  easily  here  on  account  of  the  slight  intravenous  pressure, 
and  the  walls  of  the  veins  collapse  if  not  prevented  from  doing  so  by 
natural  adhesions  to  the  surrounding  parts,  such  as  fascia  or  hones. 
After  veins  have  been  wounded  there  result  extensive  venous  throm  hi, 
which,  especially  in  the  preantiseptic  days  of  surgery,  used  to  be  greatly 
dreadeil,  as  they  often  underwent  suppumtion  with  subsequent  general 
septic  poisoning  (pyiemia). 

Functared  Iignriea  of  Henre& — Punctured  injuries  of  nerves  may 
either  completely  or,  more  often,  partially  divide  them,  and  are  of 
special  practical  import.  The  extent  of  the  paralysis  caused  by  the 
injury  to  the  nerve  depends  upon  the  number  of  the  nerve  fibres 
which  have  been  divided.  If  the  nerve  is  not  cut  entirely  through, 
spontaneous  healing  usually  follows  without  surgical  interference,  in 
case  the  nerve  was  at  the  same  time  not  too  much  contused.  In 
one  instance  I  saw  an  incurable  paralysis  of  the  ulnar  nerve  follow  a 
punctured  wound  of  the  nerve  made  by  a  steel  pen  filled  with  ink. 
The  nerve  was  months  afterwards  coloured  black  throughout  a  large 
part  of  its  extent.  Small  foreign  bodies,  such  as  needle  points,  bite  of 
glass,  et<!.,  may  liecome  encapsulated,  and  they  often  give  rise  in  sen- 
sory or  in  mixed  nerves  to  very  painful  cicatrices  and  cicatricial  tu- 
mours (neuromata)  tir  to  epileptiform  attacks.  Before  the  attacjc 
begins  the  patient  usually  feels  a  pain  in  the  cicatrix. 

Pnactored  WoDnds  of  XointB  and  of  the  Lai^  Canties  of  the 
Body. — During  the  first  few  hours  or  days  after  the  injury  there 
may  often  be  doubt  as  to  whether  a  joint  or  a  large  cavity  of  the 
iHKly,  with  one  of  its  vitally  important  organs,  has  been  injured,  it 
is  true  that  punctured  wounds  entering  joints  or  cavities  of  tlia 
body  not  infrequently  heal  up  without  treatment;  hut  in  other  cases 
it  becomes  evident,  after  the  lapse  of  a  few  days,  that  the  punctured 
wound  has  gi*en  rise  to  suppuration  in  the  joint,  or  that  some  im- 
portant internal  organ  has  i>erhapa  received  such  injuries  as  to  cause 
death. 
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Traumatic  Emphyflema. — In  conclusion,  mention  should  be  made  <; 
the  occurrence  of  air  in  the  neighbourhood  of  punctured  wounds—^ 
traumatic  emphysema,  as  it  is  called.  If,  after  punctured  wouodfi,  a£r 
collects  to  a  greater  or  less  extent  in  and  under  the  skin,  there  will  be 
felt  a  slight  crepitation  in  the  affected  areas.  The  air  can  be  esialj 
removed  by  pressing  and  kneading  with  the  fingers.  Traumatic  em- 
physema, or  the  collection  of  air,  especially  in  the  subcutaneous  cellu- 
lar tissue,  may  be  due  to  an  injury  to  an  organ  which  contains  air,  gnch 
as  the  lung  or  trachea.  After  injuries  of  the  lung  the  air  may  spread 
beneath  the  skin  over  the  entire  body  wherever  it  meets  with  the  least 
resistance.  Air  can  also  be  sucked  into  the  wound  from  without  by 
aspiration.  It  is  well  known  that  there  also  occasionally  arises  a  so- 
called  "spontaneous"  or  primary  emphysema  after  subcutaneous  ex- 
travasations of  blood,  especially  in  fractures  (Velpeau),  According  to 
H.  Fischer,  this  is  due  to  gases  from  the  blood  which  are  set  free  by 
the  action  of  an  acid,  such  as  the  lactic  acid  which  is  present  in  the 
contused  tissues.  This  so-called  spontaneous  emphysema  can  be  pro- 
duced experimentally  in  animals  by  exciting  in  them  an  extensive 
extravasation  of  blood,  and  then  injecting  lactic  acid  into  the  latter. 
Im  one  case  which  Fischer  observed  the  gas  consisted  almost  entirely 
of  carbonic  acid.  A  careful  distinction  must  be  made  between  the 
various  kinds  of  emphysema  hitherto  described  and  the  emphysema  of 
decomposition — that  is,  the  collection  of  the  gases  of  decomposition  in 
the  rapidly  spreading  putrefactive  processes  which  may  take  place  in 
severe  open  wounds  as  a  concomitant  symptom  of  very  advanced  sepsis, 
and  in  the  so-called  malignant  oedema,  etc.  (pages  339-341). 

Further  CouTBe  of  Punctured  Woundflb — The  further  course  of  pnoo- 
tured  wounds  can  be  inferred  from  what  has  already  been  said ;  it  de- 
pends essentially  upon  whether  important,  deeply  situated  organs  such 
as  arteries,  nerves,  joints,  the  thoracic,  peritoneal  or  cranial  cavities, 
with  their  organs,  are  injured  or  not,  and  whether  excitants  of  inflwn* 
mation  in  the  form  of  bacteria  are  introduced  into  the  wound  by  the 
instrument  inflicting  the  injury,  and,  finally,  whether  a  foreign  body, 
such  as  the  point  of  an  instrument,  is  left  sticking  in  the  depths  of  the 
wound.     If  all  the   complications   which  have  been  mentioned  are 
absent,  then  punctured  wounds  heal  very  rapidly  like  simple  wounds. 
If  substances  which  excite  inflammation  or  bacteria  have  been  carried 
into  the  wound  by  the  instrument,  or  if  a  foreign  body  has  been  left 
in  the  wound  and  the  wound  has  not  received  antiseptic  treatment, 
suppuration,  abscesses,  or  a  deep  and  spreading  cellulitis  may  follow, 
and  possibly  death  from  pyaemia  and  sepsis.     After  a  simple  needle- 
prick  of  the  finger  septic  cellulitis  has  been  repeatedly  observed  wWch 
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'sn  a  fatal  course,  and  with  each  rapidity  that,  although  a  disarticulation 
<>/  ibe  humeros  was  performed  on  the  fifth  or  sixth  day,  it  was  impos- 
flbie  to  save  the  life  of  the  patient.  Not  infrequently  punctured 
injuries  heal  superficially  without  suppuration,  and  yet  in  their  depths 
inflammation  and  suppuration  take  place,  especially  if  a  non-aseptic 
body  be  present. 

Behaviour  of  Foreign  Bodies  in  a  Wonnd.— Among  the  foreign  bodies 
which  may  be  left  behind  in  a  punctured  wound  are  broken-ofP  needle 
pmnts  or  entire  needles,  knife  points,  sword  points,  splinters  of  glass  or 
wood,  etc  Knife  and  sword  points  are  particularly  apt  to  break  o£P  after 
penetrating  bones.  Not  infrequently  the  foreign  bodies  remaining  in  the 
wound  heal  in  without  reaction  when  they  were  more  or  less  aseptic,  i.  e., 
clean.  Needles  have  been  found  embedded  in  the  brain  and  heart  (see 
Regional  Surgery).  E.  Simon,  while  conducting  an  autopsy  upon  an  adult, 
found  a  pin  healed  up  in  the  brain  which  had  probably  been  introduced 
through  the  open  fontanelle  during  the  first  year  of  his  life.  Huppert, 
while  making  the  post-mortem  examination  upon  an  idiot,  found  a  needle  in 
the  heart  which  extended  free  into  the  left  ventricle  five  to  six  lines.  The 
needle  was  enclosed  by  a  membrane  covered  with  endothelium,  and  had 
caosed  no  particular  symptoms  during  life.  It  had  been  in  the  heart 
*bout  five  years.  Foreign  bodies  frequently  leave  their  original  location ; 
they  wander — i.  e.,  they  are  pushed  on  by  muscular  contraction  and  by  the 
elasticity  of  the  tissues.  They  may  get  into  internal  organs  and  cause  seri- 
ous ^uble,  or  after  weeks,  months,  or  years  they  may  reach  the  skin  at  some 
point,  not  infrequently  causing  an  abscess,  from  which  they  are  then  ex- 
tmcted.  Billroth  removed  a  knitting-needle  almost  a  foot  long  from  the 
inguinal  region  of  a  thirty-year-old  idiot,  whither  it  had  probably  come  from 
the  vagina  or  rectum.  Needles  which  have  been  swallowed  also  pass,  with- 
out causing  trouble,  through  the  walls  of  the  stomach  and  intestine  and  may 
g«t  into  the  urinary  bladder,  where  they  give  rise  to  a  vesical  calculus  by 
deposition  of  urates  upon  the  needle.  In  another  case,  a  pin  which  had  been 
swallowed  lodged  in  the  oesophagus  and  killed  the  patient  by  puncturing  the 
aorta.  There  are  a  great  number  of  recorded  cases  illustrating  the  healing 
m  and  wandering  about  of  foreign  bodies,  and  I  could  add  to  the  list  a  con- 
siderable number  of  surprising  ones.  For  demonstrating  the  presence  of 
foreign  bodies  the  Roentgen  rays  may  be  employed  (see  Surgery  of  the  Bones, 
Oon-fthot  Injuries,  §  124). 

The  healing  in  of  foreign  bodies  i^  also  discussed  in  §  61. 

11.  Contused  WonndSb — The  contused  wounds  belong  to  the  com- 
plicated wounds ;  the  tissues  are  cnished  by  the  force  applied  by  a 
blunt  object  Not  infrequently  they  are  a  part  of  very  extensive  in- 
juries in  which  the  soft  parts  and  bones  have  been  reduced  to  a  pulp. 
All  the  various  kinds  of  wounds  produced  by  blunt  instruments  belong 
to  the  class  of  contused  wounds ;  such,  for  instance,  are  the  wounds 
produced  by  "run-over"  accidents,  by  the  kick  of  a  horse,  etc.,  also 
the  numerous  machinery  and   railroad   injuries  so   very  common  in 
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modern  industrieB  and  transportation.  Ganshot  wounds  are,  iu  thai 
main,  contused  and  lacerated  wounds,  and  will  be  discussed  more  fnl^ 
under  Gunshot  Fractures  (§  124).  Wounds  caused  by  bites  likew'^ 
belong  to  contused  wounds.  Bites  of  rabid  animals  and  poisonozv 
snakes  are  described  in  §§  80  and  81. 

Appearance  of  Contused  Wonnck — The  appearance  of  contiifled 
wounds  differs  very  essentially  from  that  of  incised  wounds.  The 
borders  of  the  wound  are  not  smooth  and  of  normal  appearance,  but, as 
a  result  of  the  bruising,  are  infiltrated  with  blood,  bluish-black  in  col- 
our, swollen,  and  often  irregular  in  shape.  The  bloody  infiltration  of 
the  tissues  varies  with  the  amount  of  force  to  which  they  have  been  sub-  ; 
jected ;  not  infrequently  the  extravasated  blood  spreads  to  a  great  dis- 
tance in  the  parts  around  the  wound.  Occasionally  the  borders  of  the 
wound,  or  the  more  deeply  lying  parts,  are  so  crushed  that  they  sub- 
sequently perish.  When  scratched  with  a  knife  no  blood  flows  out,  and  ■ 
the  patient  has  lost  all  sensation  in  the  affected  part.  The  appearance 
of  skin  which  has  been  badly  crushed  varies  according  to  the  amount  of 
blood  it  contains :  it  may  be  red  shading  off  into  bluish  or  dark  blue, 
violet,  or  white,  and  corpse-like  and  cold  to  the  touch.  Occasionallj 
completely  crushed  skin  looks  apparently  normal  and  yet  it  is  dead. 
Not  infrequently  the  gangrene  of  the  skin  does  not  become  evident 
till  several  days  after  the  injury.  In  severe  cases  of  contused  wounds 
the  borders  of  the  wound  and  the  injured  tissues  in  general  are  torn 
into  shreds,  the  skin  is  more  or  less  extensively  stripped  from  the  un- 
derlying parts,  the  fascia,  tendons,  nerves,  and  vessels  are  mangled ;  in 
short,  the  soft  parts  are  crushed  to  a  pulp  and  the  bones  broken  into 
numerous  fragments,  etc.  But  in  such  bad  cases  of  contused  wounds 
the  integrity  of  the  tissues  is  disturbed  not  only  at  the  point  of  the  in- 
jury, but  also  at  some  distance  from  it,  in  consequence  of  disturbances 
in  nutrition  due  to  the  infiltration  of  blood.  These  changes  in  the 
neighbourhood  of  the  wound  are  not  perceptible  to  the  eye  of  a  layman, 
but  are  recognised  by  the  surgeon,  and  on  account  of  this  bloody  infil- 
tration, if  there  is  any  necessity  for  an  amputation,  he  performs  it  at  a 
point  not  too  near  the  injury. 

HsBinorrhage  in  Contused  Wound&<-rWhen  large  arteries  and  veins 
are   injured,  such   as  the   femoral,  brachial,  or  axillary,  the  httmor* 
rhage,  as  a  general  thing,  is  slight,  or  may  even  be  entirely  absent,  for 
the  reason  that  the  injured  vessels  are  crushed  with  the  other  parts, 
or  subjected  to  torsion,  in  the  same  way  as  described  in  §  28,  for 
cheeking  haemorrhage.     At  the  same  time,  after  such  severe  contu- 
sions there  is  a  high  grade  of  nervous  depression,  of  wound  stupor 
or  shock  (§  63).     As  a  result  of  this  shock  the  cardiac  activity  is 
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reflexly  diminiBhed  and  the  arteries  are  contracted,  and  beme  the  tend- 
ency to  lite niorrli age  from  tlie  injured  and  contracted  arteries  ia 
decreaeed.  During  the  nest  few  days,  when  the  shook  passes  off  and 
the  action  of  the  heart  becomes  stronger,  secondary  liEemorrhages  may 
rea^Jily  occur  from  the  crushed,  torn,  or  tbromljosed  arteries,  and  may 
cause  the  death  of  the  patient  unless  prompt  aid  is  at  hand.  It  is  on 
account  of  these  dreaded  secondary  htemorrhages  after  contusions  tliat 
patients  with  such  injuries  should  he  carefully  watched.  The  haem- 
orrhagee  may  occur  on  the  first  to  second  day  with  the  abatement  of  the 
shock,  or  they  come  on  later,  on  the  fifth  to  the  tenth  day,  and  some- 
times later  stili.  The  later  secondary  htemorrhage  may  be  caused  by 
the  sloughing  away  of  the  contused  portion  of  the  wall  of  the  vessel 
which  has  become  necrotic,  or  by  suppuration  of  a  thrombus,  or  by 
erosion  of  the  artery,  a»  a  result  of  suppuration  in  its  immediate  vicin- 
ity. But  the  primary  hiemorrbage  in  contused  wounds  is  not  always 
slight ;  it  often  enough  happens  that  there  is  a  considerable  amount 
from  both  arteries  and  veins.  This  ia  particularly  apt  to  be  the  case 
when  the  arteries  are  incompletely  torn,  bo  that  the  injured  vessel  can- 
not retract  or  contract.  Under  these  conditions  hemorrhages  into  the 
surronnding  tisanes  will  also  be  observed,  forming  so-called  traumatic 
aneurisms  similar  to  those  following  punctured  wounds  of  arteries. 

in.  Lacerated  Wounds. — Iju-erated  wonnds  present  essentially  the 
same  jieculiarities  as  contused  wounds.  The  larger  lacerated  wounds 
have,  in  general,  a  mangled  appearance.  Tearing  away  of  entire  ex- 
tremities— the  upper  or  lower,  by  machinery,  for  instance— belong  to 
the  severest  class  of  injuries  which  a  surgeon  ever  sees.  In  such  cases 
the  injured  person  shows  all  the  eyuiptoras  of  severe  shock,  in  conse- 
quence of  which  death  not  infrequently  follows.  Even  wlien  entire 
extremities  are  torn  away  there  may  l>e  no  hfeniorrhage  of  any  impor- 
tance, for  the  reasons  stateil  above.  In  the  hospital  at  Zurich  an  arm, 
including  the  scjipula  and  clavicle,  has  t>een  preserved,  which  was  torn 
away  without  causing  death  by  hffimorrhage.  as  the  axillary  artery  was 
twisted  on  itself  as  in  torsion. 

Farther  Coarse  of  Contused  and  Lacerated  WoimdB. — The  further 
course  of  contused  and  laceratetl  wounds  depends  «[>on  the  severity  of 
the  injury,  upon  the  introduction  of  micro-organisms  at  the  time  of 
the  injury  or  subaei^uently,  and  whether  the  wound  receives  antiseptic 
treatment  at  as  early  a  period  as  possible.  Even  very  badly  contused 
and  lacerated  wounds  may  heal  without  any  markeii  secretion  or  sup- 
puration if  they  remain  covered  by  an  aseptic  blood-clot  beneath  an 
antiseptic  dressing.  The  time  which  coutniied  and  lacerated  wounds 
require  for  healing  is  longer  than  th^t  necessary  in  other  wounds.    In 
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the  case  of  contusions  of  any  gravity,  the  wound  resulting  from  fe^ 
injury  usually  "  purifies  itself  "  from  the  superficial,  mortified,  or  haK 
dead  tissues,  by  giving  off  a  discharge  or  secretion  which  is  at  Srgt 
bloody,  then  serous,  and  finally  purulent.  When  the  wound  is  treated 
aseptically  the  discharge  has  no  odour,  but  if  putrefactive  changes  take 
place  it  is  discoloured,  dirty,  and  often  has  a  characteristic  smell.  The 
mortified  (gangrenous)  and  half -dead  tissues  are  cast  off  by  suppuration 
— that  is,  at  the  boundary  line  between  the  healthy  and  dead  parts,  at 
the  so-called  line  of  demarcation,  there  ensues  a  vigorous  proliferation 
of  the  tissue  cells  and  a  collection  of  wandering  cells.  Subsequently 
a  cellular  and  vascular  granulation  tissue  forms,  from  the  surface  of 
which  pus  is  given  off  in  large  quantities.  By  this  demarcating  sup- 
puration the  dead  parts  are  separated  from  the  living.  The  casting  off 
of  the  dead  tissue  goes  on  with  different  degrees  of  rapidity,  depending 
particularly  upon  the  vascularity  of  the  ibjured  tissue.  Hence  it  fol- 
lows that  in  the  case  of  dead  portions  of  tendons,  fascia,  and  bone,  the 
process  takes  a  particularly  long  time.  Still  there  are  great  individual 
differences  in  this  respect. 

Contused  and  lacerated  wounds  offer,  in  general,  a  favourable  me- 
dium for  bacteria,  especially  the  former.  The  micro-organisms  usually 
enter  the  wound  at  the  moment  of  the  injury — for  example,  when  npon 
a  dirty  street  a  wagon-wheel  passes  over  an  extremity ;  or  the  instru- 
ment which  inflicts  the  injury,  the  dirty  clothes,  or  the  skin  of  the  pa- 
tient, are  the  means  by  which  the  bacteria  are  carried  into  the  wound. 
As  a  result  of  the  presence  and  development  of  the  bacteria  in  the 
wound,  the  various  infectious-wound  diseases  can  originate.  These 
have  been  described  in  §  66  et  seq.  After  extensive  contused  wounds, 
those  spreading,  septic  forms  of  cellulitis,  which  we  have  studied  in 
§  70,  are  particularly  apt  to  occur.  If  a  contused  wound  has  cast  off 
its  mortified  layer,  and  has  passed  into  the  stage  of  granulation,  the 
healing  is  ordinarily  assured  if  no  transgression  is  made  of  the  rules  of 
antisepsis. 

The  more  minute  anatomical  changes  which  take  place  in  the  heal- 
ing of  a  wound,  in  the  formation  of  the  scar,  and  the  cicatricial  con- 
tractures, etc.,  have  been  described  in  §  61. 

As  regards  the  course  of  injuries  of  particular  regions  of  the  body, 
I  must  refer  the  reader  to  my  Text-Book  on  Regional  Surgery. 

§  88.  The  Treatment  of  Wounds  of  Soft  Farta. — The  treatment  ol 
every  fresh  wound  of  tlie  soft   parts  is  conducted   upon   antiseptic 
principles,  in  the  manner  de8cril)ed  in  §  6,  §  20,  and  §§  11   19.    The 
treatment  begins  with  a  careful  examination  of  the  wound,  to  deter 
mine  whether  large  vessels,  tendons,  or  nerves  have  been  injured,  o' 
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whether  a  joint  or  cavity  of  the  body  has  been  opened.  Our  first  care 
should  be  the  arrest  of  the  hfeiiiorrhage,  as  we  have  described  in 
§§  27-30.  The  following  brief  description  of  hiemostasis  will  suiSee: 
On  the  extremities  it  can  be  lieat  carried  oat  with  the  assistance  of 
Esnaarch's  artificial  iecbieiiiia.  The  wound,  particularly  if  a  punctured 
wound,  must  always  be  enlarged  sufficiently  to  lay  bare  the  point  where 
the  vessel  has  been  injured,  and  to  permit  of  its  inspection.  Every 
lai^  artery  in  the  waiind  which  has  been  punctured  or  cut  must  re- 
ceive a  double  ligature — that  is,  tlie  vessel  must  be  tied  on  the  central 
and  peripheral  side  of  the  injured  point,  as  only  in  this  way  can  sec- 
ondary bieniorrbage  lie  prevented  from  the  peripheral  end  of  the  ves- 
sel, or  from  the  puncture  in  the  artery  (Rose).  If  only  the  central 
end  of  the  artery  is  ligated,  a  secondary  liajinorrliage  could  occui-  from 
the  unligated  peripheral  end  of  the  vessel,  or  the  puncture  in  its  wall, 
very  soon  after  the  establishment  of  the  collateral  circulation.  But 
the  central  and  peripheral  ligation  of  the  artery  in  punctured  wnunds, 
for  example,  is  not  sufficient.  All  the  branches  given  off  from  the 
vessel  in  the  neighbourhood  of  the  injury  must  also  he  secured  at  the 
same  time,  if  one  wishes  to  be  perfectly  sure  of  preventing  hiemor- 
rhage  from  the  puncture  in  the  artery  (Rose).  After  ligating  the 
main  vessel  and  the  branches,  the  injured  portion  of  the  vessel  can 
then  l>e  extirpated,  though  it  is  not  necessary.  Injuries  of  targe  veins 
are  treated  in  essentially  the  same  manner  as  those  of  arteries.  As 
regards  the  special  technique  for  ligating  arteries  and  veins,  I  must 
refer  the  reader  to  §  30. 

Temporary  Hsemortaaii.— Often  enough  tiie  physician,  especially  in 
the  country,  is  not  so  situated  as  to  be  able  to  inunediately  and  penna- 
nenlly  arrest  the  hsemorrhage,  but  must  be  content  with  provisional 
liienii  istasis  carried  out  by  some  sort  of  dressing  in  order  to  transport 
the  })atient  to  a  hospital.  The  simplest  means  of  arresting  bteniorrhage 
temporarily  consist,  as  already  mentioned  in  §  ^9,  in  applying  pressure 
upon  the  bleeding  point  by  the  finger,  a  dressing,  or  an  elastic  band- 
age, and  in  applying  pressure  upon  the  afferent  artery  by  the  finger,  by 
tourniquets,  an  elastic  bandage,  Ksmarch's  elastic  tourniquet  (§  19), 
and  finally  by  forced  flexion — for  example,  of  the  elbow  joint  or  the 
knee  if  the  bwmorrbnge  takes  place  in  a  region  supplied  by  the 
brancliffl  of  the  brachial  or  popliteal  arteries. 

Farther  Treatment  of  Wounds  of  Soft  Parts.— When  the  bleeding 
has  received  the  most  careful  attention,  it  is  advisable  to  examine  the 
wound  thoroughly  with  antiseptic  precautions  to  determine  whether 
and  to  what  extent  deeply  placed  parts,  snch  as  tendons,  muscles, 
nerves,  or  liones,  have  l»een  injured,  and  whether  the  wound  is  reu- 
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dered  ncclean  hy  tbe  preseDce  of  a  foreign  body.     The  examination 
eliould  be  performed  as  gently  ae  possible,  and  an  especial  wamit::; 
should  be  given  against  tbe  too  rough  use  of  the  probe.     By  means    ,; 
the  tatter  it  is  easily  possible  to  penetrate  a  thin,  andivided  layer  </ 
tissne  over  a  joint,  over  the  peritonteum,  tbe  plenra,  etc.,  and  tfcai 
change  a  relatively  simple  wound  into  a  complicated  one.     We  shall 
go  into  tlie  treatment  of  penetrating  wounds  of  joints  or  of  tbe  csri- 
ties  of  the  body  in  another  chapter  (§  123,  Wonodsof  Joints).     If  itii 
found  that  muscles,  tendons,  or  nerves  have  been  divided,  they  miut 
be  reunited  by  sutures. 

Tenorrhaphy— Tendon  Sutnre. — The   host   method   of    perfonning 

tenorrhaphy  is  Wiilfler's.     He  passes  the  suture  through  the  Mndot 

stumps  transversely,  about  one  centimetre  from  their  free  ends,  eilkr 

once  or  repeatedly,  and  then  ties  the  ends  of  the  sutures  together. 

Tbe  two  ends  of  tbe  tendoo 

can  then  be  sutnred  t«  the 

earronnding  tissue  by  meui 

of  a  number  of  intermpted 

stitches  or  a  continuous  ei- 

ture.     Tmka   recoinoieDdi 


the  use  of  lateral  loops  (Fig. 
354)    for   holding  the  »- 
tured  ends  in  better  coutsi 
Witzel  recommends  the  ip- 
plication   of    a   "retentioo  , 
ligature"  passed  traneveiw-  ' 
ly  through  each  stump  of  the  tendon  about  one  centimetre  from  its  cut    i 
end  ;  by  means  of  these  retention  ligatures  the  tendon  ends  are  dism   < 
together  and  then  united  by  catgut  sutures.    Finally,  the  two  retentiia 
ligatures  are  knotted  together,  and,  if  desired,  the  tendon  sheaOi  ■< 
sutured.     Then  follow  drainage  and  closure  of  tbe  cutaneous  wound- 
It  is  sometimos  difficult  to  tind  the  central  end  of  the  tendon,  which 
retracts  to  a  greater  or  less  extent,  in  consequence  of  the  contraction  of 
the  muscle  attached  to  it,  and  not  infrequently  the  tendon  sheath  h»    ■ 
to  be  opened  for  a  long  distance  upwards — -best  on  its  lateral  aspect— 
to  find  the  central  end.     The  longitudinal  incision  made  tbrongb  tbe 
akin  for  searching  for  the  tendon  stump  should  always  be  placed  m* 
over  tbe  tendon  but  to  one  side  of  it ;  this  is  the  best  way  to  avmd  I 
sulisequent  adhesion  of  the  tendon  to  tbe  skin.     To  facilitate  the  find- 
ing of  the  central  end  of  the  tendon,  it  is  also  a  good  plan  to  eiiplow 
its  shcatli  with  a  sharp  hook,  with  which  the  tendon  may  be  seized  and 
drawn  out,  or  the  extremity  may  lie  enveloped  by  an  elastic  bandsge 
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applied  from  the  centre  towards  the  periphery — the  reverse  of  the  usual 
manner  of  application.  The  muscle  to  which  the  tendon  heloiiga  may 
also  Imj  rnblied  or  pushed  down  from  the  outside.  Very  great  difficnlty 
sometimes  attends  the  discovery  of  the  central  tendon  stump  in  old 
cases  of  tendon  diriaion.  The  retraction  of  the  central  end,  under 
these  circnrnstanceB,  is  oceasioiially  very  eoTisiderahle,  and  the  above- 
mentioned  methods  for  discovering  the  central  stump  of  the  tendon 
are  not  successful,  because  the  stump  is  adherent  to  the  tendon  slieath. 
Msdelung  has  a<l vised,  in  such  cases,  that  tlie  central  end  of  the  tendon 
be  sonpht  for  hy  an  incision  located  on  the  central  side  of  the  wound, 
or  rather  of  the  cicatrix,  and  that  the  tendon  be  freed  and  pushed 
towards  the  periphery  with  a  probe,  or,  perhaps  better,  with  a  long, 
half-curved  needle.  For  the  same  reasons  mentioned  before,  it  is  bet- 
ter to  make  the  longitudinal  incision  to  one  side  of  the  tendon  sheath. 
If  the  approximation  of  the  two  tendon  stumps  presents  difficulties  on 
account  of  the  tension  being  too  great,  as  may  be  the  case  when  there 
has  been  a  loss  of  substance,  it  is  advisable  to  cut  a  flap  with  a  petlicle 
from  one  or  each  of  the  tendon  stumps.  The  ends  of  the  tendon  are 
split  up  to  a  point  near  the  cut  siirfaces,  and  the  pedunculated  flaps  thus 
formed  which  are  still  attached  to  the  tendon  are  turned  ilown  into  the 
defect  and  united  with  catgut  sutures.  Portions  of  tendons  taken  from 
young  dogs  or  rabbits  have  been  successfully  engrafted  in  tendon 
defects,  and  attempts  have  been  made  to  repair  losses  of  substance  by 
interposing  strands  of  catgut  (Gluck,  Monod).  The  strands  of  catgut 
are  absorbed,  and  in  their  place  tendon  tissue  is  formed.  The  catgut 
or  silk  acts  as  a  framework  along  which  the  newly  formed  connective 
tissue  or  tendon  tissue  grows.  But  even  in  cases  where  the  tendon 
ends  could  not  be  united  but  only  drawn  near  one  another,  satisfactory 
results  have  been  observed  as  regards  the  function  of  the  muscle 
involved.  In  such  cases,  fibrous  bands  form  between  the  tendon 
stumps,  as  in  tenotomy,  or  the  stumps  sometimes  become  adherent  to 
the  skin,  and  the  skin  tinally  becomes  so  movable  and  extensible  that 
it  follows  the  movements,  or  rather  traction,  of  the  tendon.  Dupiay 
and  Tiilan.v  obtained  a  good  result  hy  suturing  the  peripheral  en<l  of 
the  divided  tendon  of  the  extensor  longus  pollicis  muscle  (the  cut  ends 
were  six  centimetres  apart,  and  hence  could  not  be  united)  into  a  slit 
made  in  the  underlying  tendon  of  the  extensor  carpi  radialis  longior. 
Ilagcr  and  others  have  like«'ise  successfully  united  the  peripheral  ten- 
don stump  with  the  tendon  of  a  neighbouring  muscle  having  a  similar 
action,  when  direct  tenorrhaphy  could  not  l>e  carried  out  on  account  of 
too  great  a  distance  between  the  tendon  stumps.  By  means  of  trans- 
plantation of  tendons  it  is  possible  to  improve  or  even  cure  paralyeie. 


^ 
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Thia  is  done  by  Butariog  paralysed  rauBcles  or  tendons  to  unpamlysed 
onee.  This  can  be  done  in  various  ways.  The  tendon  of  the  paralysed 
muscle  may,  for  example,  be  divided,  and  the  distal  end  of  the  same 
is  united  to  a  uon-paralyeed  muscle  or  tendon,  or  to  the  central  end  of 
a  divided  non-paralyned  tendon.  The  tendons  may  also  be  divided 
longitudinally  or  [jeduuculated  flaps  formed,  and  in  this  way  paralysed 
and  non-paralysed  muscles  united  by  suture.  A  uuinber  of  surgeons 
have  obtained  good  result*  from  this  transplantation  method  in  jiara- 
lytic  conditions  of  the  leg,  foot,  etc. — e.  g.,  in  paralytic  pes  varus,  pes 
calcaneus,  and  pes  valgus  (see  Text-Book  of  Regional  Surgery). 

Tenoplasty  for  Lengthening  a,  Retracted  (Shortened  Tendon),~~IL 
Sporon  has  devised  the  following  nieaiih  of  lengthening  a  tendon  wliicli 
has  become  shortened  by  the  repair  (if  an  injury  of 
the  tendon  or  from  some  other  cause :  After  exposing 
the  tendon  by  a  longitudinal  incieioit  some  live  centi- 
metres in  length,  two  parallel  longi- 
tudinal incisions  of  equal  length  are 
made  in  the  long  axis  of  the  tendon, 
one  placed  one  centimetre  higher  than 
the  other.  From  the  upper  end  of  the 
higher  incision  and  the  lower  end  of 
the  second,  transverse  incisions  are 
made  in  opposite  directions  (Fig.  357). 
Thus  the  tendon,  without  being  di- 
-Tano-  ^ifl^f  '■*"  I'fi  lengthened  an  amount 
equal  to  the  combined  lengths  of  the 


pliaCy  bj  th 

nialion  of  n  wj-  .        

duncaimwd   dap  two    longitudinal     incisions.       Lange 

from  one  end  of  .-^         ■v'     i  \  i     j"    ■ 


n.    B.'jM.  —  TcDO- 
liuiiuulaledUap; 


(New  York)  recommends  division  of 
the  tendon  within  the  muscle,  for  the 
purpose  of  lengthening  tendons.     This  is  done  with  or  without  teno- 
plasty (Fig.  355),  and  consists  in  dividing  the  tendon  within  the  muscle 
with  preservation  of  the  muscle  fibres  on  tlie  sides. 

Satnie  of  Mnioles, — Transversely  divided  muscles  are  united  by  in- 
terrupted catgut  sutures.  In  cases  of  loss  of  muscular  substance — as 
when  a  piece  is  torn  out  of  the  continuity  of  the  muscle — pedunculated 
flaps  can  be  turned  down  into  the  defect  and  united  by  sutures,  as  in 
cases  of  defects  in  tendons. 

Transplantation  of  Hoscalar  Substance  in  Casea  of  Huscnlar  Defects. — 
In  cases  of  loss  of  substance  in  nuiscles,  Gluck,  Ilelfcrich,  and  others 
have  proposed  the  implantJition  of  muscular  tissue  taken,  for  example, 
from  a  dog.  According  to  the  experiments  of  Magnus  and  Volkmann, 
a  piece  of  muscle  thus  implanted  always  perishes,  and  is  absorl>ed  in 
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the  same  way  as  an  implanted  portiOQ  of  a  nerve  taken  from  an  animaL  i 
As  a  general  rule,  therefore,  one  alvstains  from  tlio  transplantation  of  | 
n  portion  of  muscle  in  case  of  loss  of  muscular  sub- 
stance ;  it  is  unnecessary  in  sniull  muscular  defects, 
an'.t  even  when  tlje  loss  of  substance  is  large  the  stnuip 
of  tlie  muscle  can  become  connected  by  cicatricial 
tisHue^a  cicatricial  invcriptiii  tendinea,  aa  it  were — 
and  not  suffer  any  loss  of  function.  Fig.  35S  shows 
very  well  that  really  extensive  muscular  defects  may 
be  so  completely  compensated  for  by  cicatricial  tissue, 
tliat  the  contraction  of  the  muscle  as  a  whole  is  not 
disturbed  by  the  interposed  cicatrix.  Gluck  has  also 
attempted  to  remedy  losses  of  muscular  substance  by 
the  interposition  of  strands  of  catgnt,  as  in  defects  in 
nerves  and  tendons. 


Re^neration  of  Hosdc-It  is  well  known  that  con- 
tractile muscular  sub-stance  has  but  slig-ht  capabilitips  of 


Fio.  357.— Lengtll- 
<l<in  (SporoD). 


Fio.  SM.— PnrtiB 
of«iiliat)iiiHiin  IbemL 
tfan  uppor  ma  of  > 
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formed  miisctila 
trix  to  II  greater 


defects  are  always  filled  up  by  connective  tissue,  by  ' 
id  not  by  new-formed  contractile  muscular  fibres.  But  in 
the  neighbourhood  of  the  cicatrix,  and  in  slight 
injuries  and  contusions  of  muscles,  regenerative 
changes  are  observed  wbich  have  beeu  carefully 
studied  by  Weber,  Waldeyer,  Eraske,  and  otbers. 
At  first  an  enlargement  aud  proliferation  of  tbe 
of  the  muscle  fibres  takes  place,  and  large, 
id  polynuclear  cells  appeiir,  which 
tiike  the  place  of  tjie  muscle  fibres  which  have 
disapiwared  and  fill  up  the  muscular  iittei'stices. 
Tlicse  proliferated  nuclei  of  tlie  old  muscle  fibres 
:irp  the  formative  cells  of  the  new  fibres;  they 
iiri-ange  themselves  into  spindle-shaped  cells  lying 
-lib-  by  side,  in  which  very  soon  a  fine  longitudi- 
iiu!  fibrillated  striatiou  is  recognisable,  and  by  the 
I'lid  of  the  third  week  the  first  traces  of  transverse 
^l^iutioll  make  their  appearance.  Nauwerck.  con- 
Irary  to  these  teachings,  which  have  been  pretty 
generally  accepted,  was  never  able  to  prove  that 
the  proliferated  new-formed  muscular  corpuscles 
changed  into  muscular  fibres.  According  to  Nau- 
werck. the  new  formation  of  muscular  tissue  takes 
place  in  the  manner  that  E.  Neumann  described ; 
it  proceeds  from  the  old  muscular  fibres  by  ter- 
minal and  lateral  budding,  and  by  longitudinal 
cleavage  and  segmentation  of  the  old  and  newly 
fibres.  The  new-fiirmed  muscular  fibres  penetrate  Ihu  <uca- 
r  less  extent     The  freer  the  process  of  repair  is  from  reac- 
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lion  the  more  complete  is  the  regeneration.  Transplanted  portions  of  musc^ 
as  we  have  said,  never  retain  their  vitality ;  they  perish  without  excepti^ 
and  are  subsequently  absorbed.  In  their  place  a  connective- tissue  cica^ 
forms,  which  possesses  to  a  certain  extent  the  function  of  muscle,  like  ev^ 
other  cicatrix  in  muscle. 

Begeneratdon  of  Tendon  TisBua.— The  regeneration  of  tendon  tissue  after 
division  of  a  tendon  proceeds  partly  from  the  tendon  sheath  and  partly  from 
the  stump  of  the  tendon.  After  the  lapse  of  two  to  three  days  vigorous  pro- 
liferative changes  and  numerous  caryocinetic  figures  are  observed  in  thecclli 
of  the  tendon  sheath.  The  cells  in  the  stumps  of  the  tendon,  which  degenerate 
in  part  in  the  neighbourhood  of  the  wound,  likewise  on  the  fourth  to  fifth 
day  take  a  share  in  the  healing  process  (Viering).  The  cells  of  the  tendon 
play  a  variable  part  in  the  formation  of  the  cicatrix ;  in  the  main,  however, 
the  latter  is  formed  by  the  cells  of  the  tendon  sheath  (Busse).  By  p^olife^ 
ation  of  the  cells  of  the  tendon  sheath  and  those  of  the  tendon  proper  there 
originates  a  granulation  tissue,  consisting  of  many-shaped  cells,  by  which  the 
tendon  stumps  are  united.  The  granulation  tissue  then  gradually  changtf 
into  normal  tendon  tissue. 


Heurorrhaphy.  The  Union  of  Dimded  Nerves  hy  Suture.— Ihett 
are  two  methods  of  performing  nerve  suture  after  a  nerve  has  been 
divided,  for  instance,  in  an  extremity :  the  direct  nerve  suture  throng 
the  substance  of  the  nerve  itself,  and  the  itidirect  or  paratieurMic 

nerve  suture  through  the  connective  tissue  en- 
closing the  nerve  (Fig.  359).  Both  method* 
have  yielded  good  results,  especially  since  the 
introduction  of  antisepsis.  Aseptic  catgut  is 
the  most  desirable  suture  material  for  neuiw- 
rliaphy.  The  direct  nerve  suture  is  best  per- 
formed as  Wolberg  has  recommended — by  pass- 
ing a  fine  needle,  flattened  laterally,  throngh 
the  ends  of  the  nerve  about  one  centimetrt 
from  the  cut  surface,  keeping  the  suture  as  so- 
perficial  as  possible  and  not  passing  it  throngk 
the  entire  thickness  of  the  nerve,  so  that  Ae 
nerve  fibres  are  damaged  as  little  as  possible.  Two  lateral  sutures  are 
more  sparing  of  the  nerve^  and  hold  it  more  securely  than  one  sutnit 
through  the  middle  of  the  nerve  stump.  According  to  observatiom 
hitherto  made,  (/irect  nerve  suture  has  never  produced  any  bad  efiecti. 
The  paraneurotic  suture  passes,  as  we  have  said,  entirely  outside  of  tta 
substance  of  the  nerve  itself ;  one  suture  is  applied  laterally  to  tta 
nerve  through  the  paraneurotic  connective  tissue  (Fig.  359),  and  theHi 
if  necessarv,  one  is  placed  behind  and  another  in  front  of  the  nerre, 
and  thus  the  nerve  stumps  are  brought  indirectly  into  contact.  Iha^ 
found  that  a  combination  of  both  kinds  of  nerve  suture  is  very  advan- 


Fio.  350. — Nerve  suture  passed 
throui^h  i»araneurotic  cod- 
in'ctive  tUsue. 
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tageoas,  particularly  in  cases  wliere  there  is  some  tension  after  the  in- 
troduction of  the  Eutnrea.  The  nerves  are,  however,  eo  exteneible  and 
elastic  that  bj  exerting  traction  upon  the  central  and  peripheral  Btumps 
it  is  easy  to  avoid  any  tension. 

Secondftry  Neurorrhapliy,— In  old  cases  of  divided  nerves,  "  sec- 
ondary neurorriiaphy "  should  always  be  performed.  The  operation 
has  yieldeti  very  satisfactory  results.  Simon  and  Esmarch  have  suc- 
cessfully performed  neurorrhaphy  ten  to  sixteen  months  after  the 
nerve  has  been  divided,  and  in  one  case  Jessop  improved  the  paralytic 
symptoms  by  suturing  the  ulnar  nerve  nine  years  after  the  injury.  In 
old  cases  of  nerve  division  the  stumps  of  tlie  nerve  are  sought  for, 
freed  from  the  connective-tissue  adhesions,  and  fresh  surfaces  made  at 
the  ends,  which  are  then  united  by  one  or  two  aseptic  catgut  sutures. 

Operative  Treatment  of  Loss  of  Nerre  Sabatance. — If  there  is  a  loss 
of  nerve  substance— a  nerve  defect — rendering  it  impossible  to  unite 
by  sutures  the  widely  separated  ends  of  the  nerve,  various  plans  can  be 
followed.  In  the  tirst  place,  an  attempt  can  be  made  to  stretch  the 
nerve  by  traction,  so  as  to  make  it  possible  to  unite  the  ends  by  sutures. 
If  this  cannot  be  done — i.  e.,  if  the  nerve  stumps  cannot  be  brought  suf- 
ficiently near  together — flaps  with  pedicles  may  be  formed  from  one 
or  both  ends  of  the  nerve,  turned  down  into  the  defect  and  united 
by  catgut  sutures  {avtuplasie  nervexise  d  lamheaiix  Leiu'vant).  I  prac- 
tised this  method  successfully  npon  the  median  and  ulnar  nerves  three 
months  after  the  injury,  and  the  paralysed  right  hand  of  the  patient 
became  so  useful  that  slie  wrote  me  a  letter  of  thanks  a  year  after  the 
operation.  Dittel,  Brenner,  and  others  have  also  had  good  results  with 
this  method. 

Kerve-grafting.— Lcti^vant  recommends  nerve-grnfting  Igreff-'e  ner- 
i¥«sf)  for  loss  of  substance  in  nerves.  The  peripheral  end  of  a  divided 
nerve  is  unite<l  with  an  adjoining  nerve  by  freshening  the  latter  on 
one  side  and  fastening  the  peripheral  end  of  the  injured  nerve  in  the 
freshene<l  area  by  means  of  catgut ;  or  the  peripheral  end  of  the  nerve 
is  inserted  between  the  fibres  of  the  iminjured  nerve.  By  the  use  of 
the  latter  method  Desprfes  insertcii  the  i)eripheral  end  of  the  median 
nerve  lietween  the  fibres  of  the  ulnar  nerve,  and  the  patient  recovered 
the  use  of  his  hand.  Siingcr  cured  a  paralysis  of  the  musculo-spiral 
nerve  cansed  by  a  traumatic  defect  by  suturing  the  peripheral  end  of 
this  nerve  to  the  median.  M,  Gnnn  has  experimented  with  the  method 
npon  animals  with  successful  results. 

Lo~bker's  Procedure. — In  a  case  of  loss  of  substance  in  the  flexor  mus- 
cles of  ihe  forearm,  involving  the  median  and  ulnar  nerves,  Lobker 
exsected  a  portion  of  bone  Bubperiosteally  from  the  radius  t 
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corresponding  to  the  size  of  the  defect,  and  then  united  by  sutures  IT 
freshened  stumps  of  the  tendons  and  nerves. 

Transplantation  of  a  Portion  of  Kerve  into  a  Kerve  Defect — The  tr^ 
plantation  of  a  piece  of  one  nerve  into  a  nerve  defect  in  another  \f^ 
first  performed  by  Philippeaux  and  Yulpian.  They  were  sucoessfv/h 
causing  a  portion  of  the  lingual  nerve  to  heal  into  the  hypogloesaL 
The  latter  completely  regained  its  function.  Recently  Gluck  has  re- 
peated these  experiments,  successfully  implanting  a  portion  of  the 
sciatic  nerve  three  centimetres  long,  taken  from  a  hen,  into  a  corre- 
sponding defect  in  the  sciatic  nerve  of  a  rabbit.  Eleven  days  after  the 
operation  the  sciatic  nerve  in  the  rabbit  is  said  to  have  become  capable 
of  conducting  mechanical  and  electrical  stimulation.  This  uncommonlj 
rapid  restoration  of  conductivity  in  a  sutured  nerve,  and  particnlarlyin 
one  which  had  l)een  united  by  transplantation,  contradicts  all  theobeer- 
vations  hitherto  made  on  this  subject.  In  spite  of  the  perfect  union  of 
the  transplanted  portion  of  nerve,  Johnson,  after  twenty-three  to 
twenty-four  days,  was  unable  to  obtain  a  contraction  of  the  miisclei 
supplied  by  the  nerve  in  question  when  he  stimulated  the  latter  with 
the  induction  current  at  a  point  central  from  the  transplantation,  but 
he  did  cause  contractions  by  direct  stimulation  of  the  muscles.  At  all 
events,  so  rapid  a  restoration  of  nervous  conductivity  as  Gluck  de- 
scribes, after  the  transplantation  of  pieces  of  nerve  into  nerve  defects, 
can  probably  occur  in  only  the  most  exceptional  cases.  Perhaps  there « 
in  these  cases  a  conduction  along  collateral  nerve  branches.  As  a  ^neral 
thing,  the  nerve  fibres  contained  in  the  transplanted  piece  of  nerve  will 
perish ;  l)ut  they  prevent  connective  tissue  from  growing  into  the  nerve 
defect,  and  thus  render  it  possible  for  the  nerve  fibrils  which  ie^elaf 
from  the  central  end  of  the  nerve  to  readily  find  their  way  to  the  pe- 
ripheral end.  Furthermore,  it  is  my  opinion  that  the  nerve  fibres  in 
the  above-described  pedunculated  nerve  flaps  do  not  persist ;  but  the 
flaps  prevent  connective  tissue  from  growing  into  the  nerve  defet*t,aml 
in  this  way  merely  facilitate  the  bridging  over  of  the  nerve  defect  with 
newly  formed  nerve  fibres.  Yanlair  has  shown  that  losses  of  nerve 
substance — nerve  defects — can  be  repaired  by  inserting  the  end  of  the 
nerve  into  an  open  decalcified  bone  drain  or  bone  canal.  By  this  mean* 
the  ingrowth  of  connective  tissue  into  the  nerve  defect  is  prevented, 
and  the  bridging  over  of  the  defect  with  newly  formed  nerve  fibres  ib 
facilitated  by  the  presence  of  the  open  canal.  Gluck  bridged  overi 
defect  five  centimetres  in  length  in  the  musculo-spiral  nerve  by  mcitf 
of  a  bundle  of  catgut;  a  year  afterwards  the  function  was  entirelj 
restored. 

Cca-responding  to  the  gradual  regeneration  which  takes  place  intb 
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injured  part  of  the  nerce  by  tlie  briiJp;ing  of  it  over  with  newly  formed 
nerve  fibres,  the  conductivity  of  a  nerve  after  it  has  been  sutured  only 
retarns  after  the  lapse  of  some  time.  Within  Bome  two  to  four  weeks 
first  sensibihty  returns  in  tlie  aifeirted  skiu  area,  and  then  motility, 
though  in  exceptional  cases  the  improvement  in  eensation  appears 
later  than  that  in  motion.  As  regeneration  advances  gradually  from 
the  centre  towards  the  periphery  the  functional  distarbancee  disappear 
at  first  in  the  parts  that  are  nearest,  and  much  later  and  more  imper- 
fectly in  the  more  distant  parts,  or  those  parts  may  remain  permanently 
paralysed.  The  return  of  motility  in  the  only  means  of  determining 
whether  or  not  a  neurorrhaphy  has  been  successful  in  a  nerve  with 
motor  and  sensory  fibres,  inasmuch  as  sensation  may  become  restored 
by  means  of  the  collateral  branches  of  neighbouring  nerves.  From 
observations  liitherto  made,  sixteen  to  nineteeu  days  can  be  considered 
as  the  earliest  iieriod  at  which  return  of  motility  begins  after  a  nerve 
suture ;  in  other  caiies  it  began  only  after  the  lapse  of  several  months, 
sometimes  ten  to  twelve.  But  errors  of  observation  are  possible  as 
regards  improvement  in  motility  after  suturing  a  nerve,  because  here 
also,  as  we  saw,  the  muscles  which  are  not  paralysed  may  take  on  the 
functions  of  those  which  are,  and  more  or  less  compensate  for  the 
absence  of  activity  in  the  really  paralysed  muscles.  By  making  a  care- 
ful electrical  examination  in  such  cases  it  is  possible  to  determine 
whether  or  not  the  neurorrhaphy  has  been  snccesaful. 

After-treatment  of  Tendon  and  Herre  Sntores, — The  after-treatment 
of  neurorrhaphies  and  tenorrhaphies  consists  principally  in  placing  the 
affected  portion  of  the  l)ody,  when  possible,  in  such  a  position  that  the 
suture  is  relaxed;  for  example,  when  the  ulnar  or  median  nerve  has 
been  sutured  above  the  wrist  joint  the  hand  should  be  immobilised 
in  a  strongly  flexed  position  by  an  antiseptic  dressing,  made  possibly 
of  curved  wooden  splints,  or  of  a  properly  l>ent  wire  splint  like  that 
which  Cramer  advises.  The  remainder  of  the  after-treatment,  particu- 
larly in  neurorrhaphy,  is  very  !m[X)rtant,  and  consists  in  the  nse  of 
electricity,  massage,  and  methodical  exercise  of  the  affected  muscles. 

The  Frocedurei  when  a  Keuiorrhaphy  is  Un8acceHfiil.^If  a  neuror- 
rhaphy sliould  partially  or  entirely  fail,  the  cicatrix  should  he  divided 
and  the  affected  i>ortion  of  the  nerve  examined,  and,  if  possible,  the 
neurorrhaphy  should  be  repeated.  In  one  c^se  W.  Busi-h  exposal  the 
affected  part  of  the  nerve  ten  months  after  an  unsuccessful  neuror- 
rhaphy and  found  that  the  nerve  at  the  point  where  it  had  been 
sutured  was  encireletl  hy  couueetive  tissue  in  such  a  way  as  to  inter- 
rupt the  conduction  ;  he  freed  the  nerve  from  the  pressure  of  tins  con- 
nective-tissue cicatrix,   and   almost    immediately   the    ner\'e   became 
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capable  of  conducting  the  induction  current,  and  directly  after  ^ 
operation  the  patient  could  perform  active  movements  which  had  p^ 
viously  been  impossible.  Likewise  after  fractures  of  the  humerus  tl 
musculo-spiral  nerve  is  sometimes  paralysed  by  the  pressure  of  tie 
callus,  and  the  paralysis  may  disappear  immediately  after  removal  of 
this  pressure.  As  a  matter  of  fact,  it  is  well  known  that  the  conduc- 
tivity of  a  nerve  can  be  easily  destroyed  by  pressure. 

Spontaneoiu  Segeneration  of  the  Kerve  without  SutuTuig.'What  clinical 
facts  are  there  which  bear  upon  the  actual  restoration  of  conductivity  in 
nerves  which  have  been  divided  and  not  united  by  suturing  ?  The  obserTir 
tions  of  Weir  Mitchell,  Morehaus,  Keen,  and  others  prove  that  recoTery 
takes  place  in  exceptional  cases  after  extensive  injuries  to  nerves  without  the 
nerve  stumps  being  united  by  sutures.  Notta  saw  one  instance  of  spontaneoiu 
regeneration  within  six  months  after  division  of  all  the  nerves  of  the  (upper) 
arm.  Tiedemann,  in  August,  1827,  exposed  the  brachial  plexus  of  a  dog  in 
the  axilla  and  divided  each  nerve,  excising  from  them  a  piece  two  to  two  and 
a  half  centimetres  long.  Complete  paralysis  of  sensation  and  motion  fol- 
lowed in  the  affected  extremity,  but  in  the  course  of  the  years  1827  and  1828 
sensation  and  motion  returned  entirely.  In  June,  1829,  the  dog  was  killed, 
and  it  was  found  that  the  ends  of  the  nerves  had  been  reunited  by  medullaiy 
nerve  fibres.  Schiff  excised  five  centimetres  of  the  vagus  nerve  in  a  dog, 
and  after  several  months  demonstrated  restoration  of  the  conductivity  of  the 
nerve  without  neurorrhaphy.  Langenbeck  and  Hueter  observed  a  restonr 
tion  of  conductivity  after  laceration  of  the  brachial  plexus  in  a  Prussian 
officer  who  was  wounded  by  a  cannon  ball  in  the  storming  of  the  Duppeler 
redoubt  on  April  18,  1864.  The  left  lung  was  extensively  injured,  and  the 
first  rib  was  shattered,  as  was  also  a  part  of  the  scapula  and  clavicle.  In 
spite  of  this  severe  injury  the  patient  escaped  with  his  life.  Langenbeck 
again  saw  the  patient  in  September  of  the  same  year,  and  his  arm  wastotallf 
paralysed.  After  the  lapse  of  one  year  and  a  half  the  function  of  the  arm 
was  so  far  restored  by  electrical  treatment  that  the  patient  became  again  fit 
for  service,  and  served  as  an  officer  in  the  campaign  of  1866.  He  was  killed 
while  battalion  commander  in  the  battle  of  Worth.  Riedinger,  Krain,  Letie- 
vant,  and  others  have  also  observed  recoveries  after  nerve  division  without 
neurorrhaphy.  But  all  these  recoveries  are  rare  exceptions,  and  the  ordinary 
termination  is  irreparable  paralysis.  This  is  due  to  the  fact  that  the  nerre 
fibres  which  have  been  cut  off  from  their  centres,  as  we  remarked  hei(xt 
perish  by  fatty,  granular  degeneration,  and  with  them  the  muscles  thef 
supply. 

Eesults  of  Heurorrhaphy.— With  the  aid  of  my  own  and  Wolberg's  com- 
munications Weissenstein  has  collected  seventy-six  cases  of  neurorrhaphy, 
and  he  believes  that  the  operation  has  been  successful  in  sixty-seven  per 
cent.  Among  the  seventy-six  cases  thirty-three  were  secondary  neuror 
rhaphies,  of  which  twenty-four  were  decidedly  successful  and  others  only 
partially  so.  The  return  of  sensibility  began,  for  the  most  part,  after  twotc 
four  weeks.  The  earliest  return  of  motility  began  after  sixteen  days,  bn 
in  the  majority  of  the  cases  only  after  the  lapse  of  months,  and  twice  i 
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reqiiired  a  year.  In  oue  case  the  iiaralysed  muscles  regaineil  their  complete 
usefulness  after  twenty-six  days,  though  most  of  the  cases  took  a  year. 
Bodges  collected  10-1  cases  of  ])riniary  neurorrhaphy  with  74  per  cent,  of 
cures,  and  108  laiaes  of  aecondnry  ueuroirliaphy  with  80  per  ceut.  of  cures. 

Begeneratioii  after  Complete  Siviiloa  of  HeireB.— The  regeneration  of  an 
injured  nerve  lakes  place  essentially  as  follows:  When  a  nerve  lias  been 
completely  divided,  regeneration  proceeds  from  the  central  end  towards  the 
periphery,  and  it  takes  place  the  more  rapidly  the  less  the  interval  hetween 
the  ceutral  and  peripheral  nerve  stumps,  and  hence  most  rapidly  when  the 
stumps  are  united  by  sutures.  The  newly  developed  nerve  fibres  spring  from 
the  central  stump  of  the  old  nerve,  and,  bridging  over  the  defect,  unite  with 
the  peripheral  stump.  According  lo  one  view,  the  old  nerve  fibres  of  the 
peripheral  segment,  after  their  separation  from  the  centre,  perisli  irrevocably, 
and  the  newly  formed  nerve  fibres  from  the  central  end  grow,  analogously 
to  what  lakes  place  in  embryonic  development,  along  the  peripheral  stump 
into  the  muscles  and  skiu  {VanlairJ.  According  to  another  view,  the  fibres 
of  the  peripheral  stump  do  degenerate,  but  after  the  regenerated  central  fibre* 
have  entered  the  peripheral  stump  the  tatter's  fibres  likewise  take  part  in  the 
regeneration  and  unite  with  the  fibres  growing  out  towards  them  from  the 
central  end.  Both  kinds  of  regeneration  may  occur  at  the  same  time,  and 
the  regeneration  of  the  degenerated  fibres  in  the  peripheral  stump  will 
take  place  the  more  rapidly  the  earlier  ttie  central  and  peripheral  ends  are 
united  by  sutures.  After  division  of  a  nerve  in  man  there  has  never  yet 
been  observed  a  direct  union  of  the  divided  nerve  fibres,  a  so-called  jiritna 
reiinio,  with  restoration  of  conductivity  within  seventy  to  eighty  to  ninety 
hours,  as  Oluck  has  observed  it  in  animal  experimentation,  Kennedy  has 
also  observed  that  the  sutured  nerve  was  capable  of  conducting  impulses  a 
few  days  after  suture.  It  should  be  borne  in  mind  that  the  electrical  con- 
ductivity of  a  sutured  nerve  must  be  distinguished  from  it£  real  regeneration 
at  the  point  of  suture  with  restoration  of  function.  Regeneration  of  the 
place  of  Biitiiro  requires  time.  After  the  lapse  of  about  two  to  three  months, 
sometimes  later,  the  regeneration  of.  for  instance,  a  large  nerve  in  an  ex- 
tremity is  usually  completed.  If  the  nerve  stumps  are  not  united  by  suture, 
and  if  the  distance  between  the  central  and  peripheral  stimips  is  U>o  great 
usually  no  regeneration  of  the  nerve  defect  occurs.  Under  these  conditions 
the  central  end  of  the  nerve  takes  on  a  club-shaped  enlargement  from  the 
formation  of  new  nerve  fibres  and  new  connective  tissue.  This  represenU  an 
attempt  at  regeneration.  The  so-called  amputation  neuromata  arc  also  ex- 
amples of  such  cliili-sliai>ed  enlargements  of  the  ends  of  the  divided  nervi-s. 
In  the  mtist  rare  and  exceptional  instances  large  nerve  defects,  up  to  five 
centimetres  in  extent,  have  been  restored  in  man  and  animals  without  the 
nerve  being  sutured.  But,  as  a  general  thing,  the  experiments  of  Sticker  and 
others  show  that  spoiitanpous  rei,Tneration  of  the  nerve  fails  when  the  dis- 
tancp  bplweeu  Ihp  ni'rvi'  stumps  .iTiionuts  to  one  centimetre. 

Begeneration  after  Incomplete  Diviiion  of  the  Nerre.— In  incomplete 
division  of  a  nyrve,  in  contusions,  etc..  regeneration  usually  takes  place  more 
rapidly.  If  the  conductivity  of  the  nerve  has  been  interrupted  by  compres- 
sion, such  as  would  be  exertml  by  a  bony  tumour,  by  a  callus,  etc.,  imme- 
diate restoratioD  of  the  power  of  conducting  a  nerve  current  has  been  observed 
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upon  relieving  the  pressure.  A  regeneration  of  the  tissues  of  the  brain  a;^ 
spinal  cord  never  takes  place  in  man.  But  Brown-Sequard  has  observed 
regeneration  of  a  divided  spinal  cord  in  doves. 

With  the  regeneration  of  the  nerves  the  excitability  of  the  latter  ^ 
returns,  and,  according  to  Erb,  Ziemssen,  and  others,  the  power  of  conduct/oi 
returns  sooner  than  the  local  excitability ;  that  is,  muscular  coutraction&  will 
at  first  only  occur  when  stimulation  is  applied  above  the  point  of  injury, and 
not  when  applied  below. 

Histological  Changes  in  Kerve  Eegeneration.~Opinions  vary  as  to  the 
changes  which  occur  in  the  regeneration  of  a  nerve.  In  all  cases  the  regen- 
eration begins  in  the  central  end.  About  the  third  week,  small,  pale  processes 
are  seen  projecting  from  the  axis  cylinders — i.  e.,  the  proximal  axis  cylinders 
become  prolonged ;  they  grow  outwards,  and  at  the  same  time  divide  into 
two  or  more  filaments.  These  newly  formed  nerve  filaments  become  longer 
and  longer,  and,  according  to  the  investigations  of  Vanlair  and  others,  they 
grow  into  the  skin  and  muscles.  The  young  nerve  fibres,  according  to  the 
views  of  various  authorities,  are  at  the  outset  naked  axis  cylinders,  and  then 
subsequently  become  covered  by  the  sheath  of  Schwann.  The  statemMit8 
made  by  some  authors,  that  tlie  young  nerve  fibres  are  formed  from  conne^ 
tive-tissue  cells  or  colourless  bloou-corpuscles,  contradict  all  our  other  histo- 
genetic  views.  According  to  Biingner,  Ziegler,  and  others  the  old  ani 
cylinder  does  not  take  part  in  the  regeneration,  but  the  new  fibres  are  formed 
by  differentiation  from  a  material  called  *'  neuroplasma,"  which  is  rich  in 
nuclei  and  originates  from  the  cells  of  the  sheath  of  Schwann.  These  cells 
are  thus  the  real  neuroblasts. 

The  investigations  of  many  authorities,  as  we  have  said,  show  that  analo- 
gous regenerative  changes  in  the  degenerated  fibres  also  take  place  in  the 
peripheral  nerve  stump,  but  much  later  than  in  the  central  stump.  The 
newly  develo])ed  central  and  peripheral  nerve  fibres  grow  towards  each  other 
and  unite.  The  regenerative  changes  in  the  old  degenerated  fibres  ii\tie 
peripheral  nerve  segment  are  disputed  by  some  observers,  as  we  hate 
remarked.  As  a  matter  of  fact,  it  is  very  difficult  to  distinguish  histologically 
the  regenei'ation  and  degeneration  which  go  on  side  by  side  in  the  peripheral 
nerve  stump.  Mayer  has  made  the  important  observation  that  regeueratiw 
and  degenerative  changes  occur  even  in  perfectly  normal  nerves. 

Only  those  fibres  which  remain  connected  with  their  centres  are  capable 
of  regenerating  themselves.  The  so-called  r^in4ration  autoginique,  long 
insisted  upon  by  Vulpian— that  is,  the  independent  regeneration  of  a  portion 
of  nerve  cut  off  from  its  centre — is  founded  upon  an  error,  as  Vulpian  him- 
self has  admitted. 

The  works  treating  of  nerve  i'egeneration  are  very  numerous.  Cruik- 
shank,  experimenting  on  animals,  was  the  first  to  observe,  in  1776,  complete 
regeneration  of  divided  nerves.  References  to  the  most  important  literaturt 
on  the  subjects  of  nerve  injuries  and  neurorrhaphy  will  be  found  in  a  pap* 
on  these  matters  in  the  Archiv  fiir  klin.  Chir.,  Bd.  xxvii. 

Further  Treatment  of  Wounds  of  Soft  Parta — The  further  treatment 
of  wounds  of  soft  part«  consists  in  the  most  careful  disinfection  of  tb 
wound  and  in  the  removal  of  any  foreign  body  which  has  entered  i 
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ticli  as  sand,  dirt  of  every  description,  pieces  of  glass,  points  of  instru- 
ments, bullets,  etc.  By  using  an  Esniarch  bandage  the  search  for  for- 
eign bodies  will  be  greatly  facilitated.  The  X  rays  can  be  used  to 
advantage  in  determining  the  location  of  foreign  bodies  (see  §  124,  Gun- 
shot Wounds).  We  shall  return  to  the  extraction  of  bullets  in  the 
chapter  on  Gunshot  Wounds.  The  removal  of  foreign  bodies  from 
the  internal  organs  and  the  large  cavities  of  the  body  is  discussed  in 
R^onal  Surgery. 

When  the  treatment  of  the  wound  has  been  carried  out  in  the  man- 
ner described,  we  then  proceed,  in  the  case  of  large,  deep  wounds, 
to  provide  for  drainage  for  carrying  oif  the  wound  secretion  (§  31). 
After  this,  in  proper  cases,  the  wound  is  closed  by  sutures  (§  33).  and 
an  antiseptic  dressing  is  applied  (§§  44-49).  All  fresh  wounds  which 
are  not  infected  or  markedly  contused  are  suitable  for  suturing.  If 
there  is  much  contusion  of  the  parts,  sutures  should  be  avoided, 
especially  on  the  skull,  where,  after  deficient  antisepsis,  a  retention  of 
the  secretion  from  the  wound  may  so  easily  become  dangerous  and 
lead  to  suppurative  phlebitis  with  secondary  fatal  meningitis.  If  the 
contusion  is  limited  simply  to  the  borders  of  the  wound  they  can  be 
excised  and  the  wound  then  closed  by  sutures.  In  all  cases  where 
there  is  doubt  about  the  propriety  of  suturing  the  wound,  it  is  prefera- 
ble to  omit  it  entirely  or  to  suture  only  partially — for  example,  in  the 
middle  of  the  wound. 

Indications  for  Amputation  or  Diflarticnlation.— Amputation  or  disarticu- 
laden  is  indicated  in  fresh  cases  if  the  soft  parts  are  so  crushed  and  disinte- 
grated that  either  the  repair  of  the  injury  is  impossible,  or,  if  it  should  occur, 
the  injured  limb  would  be  completely  useless.  Amputation  is  also  indicated 
in  cases  with  septic  cellulitis,  in  order  to  prevent  deatli  from  sepsis.  When 
amputation  has  to  be  performed  for  fresh  lacerated  and  contused  wounds,  it 
should  only  be  carried  out  in  sound,  normal  tissues,  and  not  within  the  limits 
of  the  contusion.  In  general,  operations  should  be  as  conservative  as  ix)ssi- 
ble,  especially  those  upon  the  fingers.  If  all  the  fingers  have  to  be  removed 
and  the  thumb  only  can  be  saved,  this  should  be  done  in  every  case,  as  a 
movable  thumb  is  better  than  an  entire  artificial  hand.  In  the  tearing  away 
of  extremities  or  of  parts  of  them,  disarticulations,  amputations,  or  plastic 
operations  are  also  necessary  for  improving  the  stump  or  for  hastening 
recovery.  A  stump  of  bone  projecting  from  the  soft  parts,  after  the  latter 
hare  been  torn  from  the  phalanges  of  the  fingers,  must  always  be  excised  or 
disarticulated  by  the  saw,  chisel,  or  bone  forceps  at  a  point  where  it  will  be 
»rered  by  soft  parts. 

I)reflsiiig%  packing  the  Wound,  etc. — The  best  aseptic  dressing  for 

2tured  aseptic  wounds  consists  of  sterile  gauze  and  cotton.     Small 

ounds  and  abrasions  of  the  skin  can  be   covered  with  diflFerent  kinds 

adhesive  plaster,  pastes,  collodion,  etc.     Small  uninfected  wounds 
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closed  by  a  crust  of  blood,  etc.,  will  heal  under  the  scab  without*; 
dressing.     Dusting-powders,  like  iodoform,  dermatol,  bismuth,  ox^: 
of  zinc,  etc.,  are  suited  chiefly  for  unsutared  contused  wounds.    Pa^ 
ing  with  aseptic  gauze  or  iodoform  gauze  is  particularly  apphcable   fc 
large  contused  and  lacerated  wounds,  with  or  without  injury  to  hooei^ 
joints,  etc.     After  removal  of  the  aseptic  packing  the  wound  can  be 
closed  by  secondary  sutures,  or  the  packing  may  be  left  to  dry  and 
form  a  firm  aseptic  scab  upon  the  wound  until  it  falls  ofE  of  its  own 
accord.   In  suitable  cases — for  example,  in  extensive  contused  woands— 
antiseptic  irrigation  (§  49)  should  be  employed.     Under  certain  con- 
ditions it  is  an  excellent  plan  to  place  the  patient  in  a  permanent  water- 
bath  (§  49). 

I  must  refer  the  reader  to  §  22  and  §  62  for  the  treatment  of  the 
general  condition  of  those  who  have  been  injured. 

Treatment  of  Secondary  HsBmorrhage. — ^Any  secondary  hsemorrhagea 
which  occur  during  the  healing  of  the  wound  are  to  be  arrested,  if  in 
an  extremity,  by  double  ligation  of  the  vessel  in  the  wound  with  the 
assistance  of  Esmarch's  bandage.  The  ligation  of  the  principal  arterj 
in  its  continuity  above  the  wound,  at  the  so-called  place  of  election,  is 
only  to  be  recommended  when  the  application  of  Esmarch's  bandage 
is  impossible  and  the  blood  wells  out  from  the  depths  of  the  woand  in 
such  amounts  that  there  is  danger  of  the  patient's  bleeding  to  deatL 
In  such  critical  conditions  an  assistant  should  stop  the  haemorrhage  by 
pressure  with  the  finger  in  the  wound  while  the  main  artery  is  rapidly 
secured  at  some  easily  accessible,  centrally  situated  point.  The  wound 
can  then  be  examined  more  leisurely  and  the  injured  vessel  tied  in  the 
wound  by  a  double  ligature.  The  leaving  in  place  of  artery  forceps,  ft 
firm  packing  of  the  wound  with  iodoform  gauze,  dressings  which  exert 
pressure,  digital  compression,  etc.  (§§  28  and  29),  have  also  rendered 
excellent  service  in  cases  of  secondary  haemorrhage  from  deeply  located 
regions,  where  the  application  of  a  ligature  is  impossible  or  diflScult. 

Suppuration — Borrowing  of  Pua. — During  the  healing  of  the  wound, 
especially  if  it  is  a  large  contused  or  suppurating  wound,  oue  mnrt 
always  guard  against  any  burrowing  of  pus.  If  spreading  inflammi- 
tion  and  suppuration  are  already  present  in  the  wound  when  it  comes 
under  observation,  as  many  incisions  as  are  required  should  he  made, 
as  described  in  §  70  (cellulitis).  The  treatment  of  complications  of 
infected  wounds,  including  the  infectious- wound  diseases,  is  discaseei 
in  §§  62-82. 

Every  wound  until  it  has  cicatrised  should  be  treated  strictly  ac- 
cording to  antiseptic  rules ;  these  should  never  be  neglected,  especially 
during  a  change  of  dressings.     In  the  later  stages  of  repair  in  tltf 
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wound,  espeeiallj  wlien  it  is  granulating,  ointment  dressings  are  to  l>e 
employed  |§  49).  Tlie  final  skinning  over  of  a  granulating  woiimi  is 
often  hastened  by  the  occasional  nse  of  the  nitrat«-of -silver  stick.  By 
tliie  eauteriaation  with  argent,  iiitrat.  we  make  the  slirinkage  of  the 
gninnlation  tissue  more  rtLpid  and  prevent  it  from  growing  too  luxuri- 
antly. We  cover  extensive  losses  of  euhetance  in  the  skin  with  trans- 
planteii  skin  (§  i2),  or  by  plastic  operatious  {§  il),  etc.  The  formation 
of  cicatricial  contractures  is  always,  as  far  as  possible,  to  !«  prevented ; 
bat  if  contractures  do  nevertlieleas  develop,  they  should  be  treated  in 
the  manner  described  on  pages  146,  305,  and  in  §  119. 

For  finding  metallic  foreign  bodies  which  have  become  healed  up  in  a 
wonnd  the  caagnetic  ueedle  has  been  used  with  success.  By  its  deviations  it 
can  indicate,  for  example,  the  location  of  a  needle  which  has  become  healed 
up  in  the  wound  (Kocher,  etc.).  Also  for  finding  bullets  whicb  Lave  healed 
in.  the  magnetic  needle  can  be  used  with  advautage,  particularly  in  army 
surgery  (see  §  124).    The  X-rajrs  are  also  used  a  great  deal  iu  locating  foreign 

§  S9.  Treatment  of  the  Conditiona  FoUowii^  Severe  Hemorrhage — 
Blood  and  Common  Salt  Infnaion. — If,  after  an  injury  to  large  arteries 
or  veins,  the  hieniorrhage  has  been  considerable,  the  general  weak  con- 
dition of  the  piitieut  very  often  demands,  after  arrest  of  the  bleeding, 
the  adoption  of  special  measures  which  must  be  carried  out  rapidly 
and  energetically.  In  the  milder  cases  of  swooning  after  loss  of  blofjd, 
the  head  should  bo  placed  as  low  as  possible,  the  face  of  the  patient 
sprinkled  with  water,  olfactory  stimulants,  8uch  as  ammonia,  adminis- 
tered, as  well  as  several  hypodermic  injections  of  ether ;  the  patient 
eJiould  be  placed  as  soon  as  {Ktseible  nnder  warm  coverings  and  sur- 
rounded by  hot  bottles,  sand-bags,  and  the  like,  besides  being  rublted 
with  towels  and  stimulated  wHth  sti-ong  wine,  cognac,  black  coffee,  etc. 
It  is  also  a  very  excellent  plan  to  supply  a  patient  who  has  lost  a  large 
amount  of  blood  with  great  quantities  of  heated  fluids;  they  are  ab- 
8orl>e<l  from  the  gastro-intestinal  tract  more  rapidly  than  under  normal 
conditions,  and  are  a  direct  means  of  making  good  the  blood  deliciency. 
In  severe  cases  the  lowering  of  the  bend  should  be  combined  with 
elevation  of  the  legs,  or,  better,  with  the  envelopment  of  the  legs  in 
an  elastic  bandage,  in  order  to  prevent  the  threatening  cerebral  aniemia 
and  to  drive  the  blood  out  of  the  extremities  towards  the  heart,  the 
lungs,  and  the  brain  (autotransfusion).  In  the  cases  of  very  extreme 
anfemin  all  the  above-mentionetl  remedies  will  l>e  of  no  avail  in  keep- 
ing the  patient  alive,  and  the  only  other  remedy  that  offers  any  hope 
is  the  transfusion  or  infusion  of  blood  or  a  sterilised  physiological 
solution  of  sodium  chloride. 
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Tranifiuion  of  Blood  used  to  be  very  frequently  practised  for  tlir^ 
ening  death  from  hsemorrhage,  for  poisoning  by  illuminating  gas,  (^ 
bonic  oxide,  carbonic  acid,  for  septicaemia,  and  for  varioas  internal  <2 
eases.     At  present  the  belief  in  the  capabilities  of  transfusion  has  b^ 
given  up,  and  the  operation  is  but  rarely  performed.    With  the  incKss' 
ing  knowledge  of  the  physiology  and  pathology  of  the  blood,  we  hare 
found  that  the  earlier  views  and  presumptions  which  lay  at  the  founda- 
tion of  blood  transfusion  were  false.     I  fully  agree  with  Bergmann 
and  others  who,  reasoning  from  physiological  facts,  consider  transfusion 
not  only  a  useless,  but  also,  as  we  shall  see,  a  dangerous  operation. 

Causes  of  Death  from  HsBinorrhage. — The  cause  of  death  from 
hsemorrhage  used  to  be  ascribed  to  the  loss  of  red  blood-corpusclee, 
and  hence  to  the  impoverishment  of  the  blood  in  hsemoglobin,  or 
rather  in  oxygen.  But  now  we  know  that  death  from  haemorrhage 
is  dependent  upon  purely  mechanical  conditions.  It  is  caused  by  the 
insufficient  filling  of  the  vascular  system,  by  the  fall  of  the  arterial 
blood  pressure,  or,  in  other  words,  by  the  purely  mechanical  dispropor- 
tion between  the  capacity  of  the  vascular  system  and  the  amount  of 
its  contents.  For  this  reason  the  movement  of  the  contents  of  the 
vessels  ceases ;  the  heart,  which  at  first  continues  to  beat,  is,  like  an 
empty  pump,  no  longer  able  to  raise  the  column  of  blood  and  drive  it 
onwards.  Hence  in  such  cases  the  indication  is  to  increase  the  con- 
tents of  the  vascular  system  by  infusion  of  some  liquid,  and  for  thii 
purpose  the  blood  of  man  or  animals,  in  its  entirety,  or  defibrinated 
human  blood,  used  to  be  employed ;  but  recently  the  infusion  of  an 
alkaline  seven-tenths-per-cent.  solution  of  common  salt  has  been  largely 
substituted  for  blood  transfusion  (Kronecker,  Sander,  etc.). 

Infusion  of  a  Common  Salt  Solution. — As  a  matter  of  fact,  infusion  of 
common  salt  is  better  than  blood  transfusion,  and  I  should  always  nae 
it  in  cases  of  acute  anaemia.  The  recent  reports  of  Cavazzani,  Po»- 
tempski,  and  others,  which  favour  blood  transfusion,  do  not  influence 
my  views  in  the  least.  Landerer,  at  the  suggestion  of  C.  Ludwig  and 
Gaule,  has  proposed  the  addition  of  three  to  five  per  cent,  of  sugar  to 
the  alkaline  (0.7  per  cent.)  solution  of  common  salt.  The  advantage  of 
the  salt-sugar  solution  over  the  plain  salt  solution  consists,  according  to 
Ludwig,  in  the  fact  that  the  former  is  to  be  regarded  as  a  nutritive  solo- 
tion,  and  that,  in  consequence  of  its  high  endosmotic  equivalent,  blood 
which  contains  sugar  takes  up  the  parenchymatous  fluids  more  ene^ 
getically ;  moreover,  the  blood  pressure  rises  more  rapidly,  and  the  red 
blood-corpuscles  are  more  apt  to  remain  intact  than  when  a  pure  silt 
solution  is  employed.  It  is  simplest  to  infuse  the  salt  solution  subcu- 
taneously  (pages  498,  499). 


Dangers  of  Blood  Tranafnaioii.— Tlmt  the  transfusiou  of  blood  in  any  form 
is  Dot  only  a  useless  but  also  a  dangerous  operation,  the  following  statements 
prove.  In  the  first  place,  we  know  from  the  experiments  made  by  Mfiller 
and  Lesser,  under  the  guidance  of  C.  Ludwig,  Ihat  all  the  red  blood -corpuscles 
itijecled  with  the  blood  are  destroyed  in  a  few  days.  The  corresponding' 
hiemoglobiuuria  which  accompanies  this  process  is  caused  by  the  disintegra- 
tion of  the  red  corpuscles,  or,  rather,  by  the  separation  of  the  heemoglobin 
from  the  stroma  of  the  red  corpuscles,  allowing  free  hiPinoglobin  to  circulate 
in  the  blood.  According  to  Sachseudahl,  the  dissolved  hremoglobiu  is  the 
most  powerful  agent  for  bringing  about  a  rapid  destruction  of  the  colourless 
blood-corpusclea  and  a  very  sudden  and  marked  accuumlatiou  of  tlie  fibrin 
ferment  in  the  circulating  blood,  so  that  death  may  occur  from  ferment 
intoxication. 

Magendie  uttered  a  warning  against  the  use  of  deflbrinated  blood,  because 
its  injection  was  followed  by  very  definite  disorders,  such  as  rapid  respirar 
tion,  diairhtea,  bloody  transudations  into  the  peritonieum,  the  pleura  and 
pericardium,  and  even  by  death.  The  interesting  investigations  of  Armin 
Eobler  show  the  possibility  of  ferment  intoxication  after  blood  transfusion. 
Ho  demopstrated  that  blood  taken  from  another  species,  as  well  as  blood 
from  the  same  species,  had  a  poisonous  action.  If  only  ten  to  twelve  cubic 
centimetres  of  blood  were  drawn  from  the  carotid  of  a  strong  rabbit,  allowed 
to  coagulate,  and  the  bhwxl  coagulum  then  chopped  up,  pressed  between 
pieces  of  linen,  filtered,  and  of  this  de&brinat«d  blood  only  five  to  six  cubic 
centimetres  were  injected  slowly  into  the  internal  jugular  vein  of  the  same 
animal,  it  usually  died  during  tbe  injection,  from  extensive  coagulation  in 
the  right  heart  and  in  all  tbe  brandies  of  the  pulmonary  artery  in  both 
lungs.  These  facts  are  explainable  upon  Schmidt's  theory  of  coagulation. 
The  fibrino-plastic  substance,  and  particularly  the  fibrin  ferment,  are  found 
free  in  blood  defibrinated  in  the  above  manner,  and  being  carried  in  this 
stale  into  the  circulating  blood  they  excite  within  the  blood  channels  exten> 
sive  thromboses.  The  animal  dies  in  consequence  of  the  ferment  intoxica- 
tion. Pepsin  and  pancreatin  have  an  effect  analogous  to  the  blood  ferment 
(Bergmann.  Angerer).  BbxHl  defibrinated  by  beating  or  shaking,  according 
to  tlie  old  method  of  blood  transfusion,  is  not  by  any  means  as  rich  in  the 
fibrinoplastic  substance  and  in  the  fibrin  ferment  as  blood  which  has  been 
pressed  in  the  manner  just  described,  but  it  is  only  a  difference  in  quan- 
tity ;  consequently  Kohler  is  right  in  considering  blood  which  has  been  defi- 
brinated by  whipping  not  so  harmless  as  has  been  hitherto  supposed.  As 
regards  the  hbtocym  isolated  from  the  blood  by  Schmiedeberg.  see  page  313. 

Tmufoiioii  of  Animal  Blood.— In  the  transfusion  of  blood  taken  from 
another  species  of  anima!  still  other  conditions  come  into  consideration. 
Partly  as  a  result  of  chemical  action  and  partly  ns  a  result  of  the  above- 
mentioned  disintegration  of  the  red  blood -corpuscles,  the  blood  of  a  sheep, 
for  example,  is  a  fatal  |>oison  for  a  dog  if  injected  in  suRicient  amount  into 
the  vascular  system  of  the  latter ;  and  again,  a  dog's  blood  is  just  as  poison- 
ous for  a  sheep.  After  the  direct  introduction  of  lamb's  or  dog's  blood  into 
llie  veins  of  a  man,  dangerous  symptoms  had  been  observed  more  than  two 
hundred  years  ago,  and  yet  aluut  fourteen  years  agfi  an  attempt  was  iiiwle  to 
r«inlroduce  the  Lraiisfuaioii  into  man  of  lamb's  blood.    Chills,  fever.  h;emo- 
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globinuria,  as  a  result  of  the  disintegratiou  of  the  red  corpuscles  in  the  » 
culating  blood,  aud  not  infrequently  death,  were  the  consequences.    Pan^ 
Landois,  and  Ponfick  have  proved  by  numerous  experiments  the  dangec:^^ 
the  transfusion  of  animal  blood  into  man,  and,  in  fact,  the  danger  of  Uriag. 
fusion  of  blood  in  any  form  which  has  been  taken  from  another  species.    We 
shall  now  always  be'on  our  guard  against  a  return  to  the  transfusion  ofani- 
mal  blood. 

Direct  Blood  TransfoaLoit — It  would  be  most  advantageous  if  the  blood  in 
its  entirety  could  be  conducted  from  the  artery  of  a  man  into  the  vein  of  the 
receiver.  But  all  kinds  of  difficulties  stand  in  the  way  of  employing  this 
direct  transfusion.  It  is  not  so  easy  to  find  any  one  who  will  give  blood 
directly  from  an  artery  as  one  who  will  give  it  from  a  vein.  Then,  the  pos- 
sibility of  the  blood  coagulating  in  the  conducting  tube  must  be  taken  into 
consideration.  Furthermore,  it  is  always  questionable  whether  the  corpus- 
cles retain  their  vitality  in  the  blood  of  the  receiver. 

Wright  and  Hertig  have  recommended  decalcified  blood  for  transfusion, 
as  Arthus  and  Pages  found  that  it  did  not  coagulate  (see  page  297). 

As  a  substitute  for  the  introduction  of  blood  into  the  vascular  system, 
Ponfick  has  recommended  intra-peritoneal  transfusion — i.  e.,  the  infusion  of 
defibrinated  blood  into  the  peritoneal  cavity.  The  clinical  and  experimental 
investigations  of  Angerer,  Edelberg,  and  others  have  taught  that  this  method 
should  be  condemned. 

Ziemssen  has  employed  with  advantage  in  chronic  anaemia  the  subcuta- 
neous injection  of  defibrinated  blood  at  a  temperature  of  37**  to  40°  C.  into  the 
subcutaneous  tissue  of  the  thigh,  using,  for  example,  tliree  hundred  and  fifty 
grains  in  about  fourteen  injections.  For  acute  anaemia  Ziemssen  and  otheif 
recommend  the  subcutaneous  injection  of  a  sterilised,  physiological,  seven- 
tenths-per-ceut.  solution  of  common  salt. 

Indications  for  Infusion  of  Blood  and  Sodinm  Chloride.— The  indicationi 

for  undertaking  blood  or  common  salt  infusion  are  most  frequently  a  high 
grade  of  ana3niia  after  loss  of  blood,  and  poisoning  by,  for  example,  carbonifr 
oxide  gas  and  illuminating  gas,  in  which  common  salt  infusion  has  also 
repeatedly  proved  efficacious.  The  operation  is  no  longer  employed  for  sep- 
ticieniia  or  chronic  diseases  of  the  blood  (chlorosis,  leucocythaemia,  pernicioas 
anteinia,  etc.),  nor  for  chronic  marasmus. 

General  Technique  of  Blood  and  Common  Salt  Infdsion.— The  transfusion 
is  performed  with  local  antusthesia  in  order  that  the  behaviour  of  the  patient 
during  the  infusion  can  be  more  accurately  observed.  The  operation  is  no* 
painful,  and  very  often  the  patients  are  unconscious.  During  the  transfu- 
sion of  blood  a  greater  or  less  amount  of  dyspnoea  and  cyanosis  is  usually 
observed,  and  both  manifestations  not  infrequently  become  so  pronoimcei 
that  tlie  operation  has  to  be  suspended.  Furthermore,  if  syncope  occurs  the 
infusion  sliould  be  immediately  stopped. 

Technique  of  the  Transfusion  of  Venous  Blood.— In  venous  transfusion  ' 
witli  defibrinated  human  blood,  about  two  hundred  to  four  hundred  gramnUl 
of  blood  are  drawn  from  a  vein  of  a  strong  man  into  a  carefully  disinfectni 
glass  vessel.     The  blood  is  heated  on  a  water  bath  to  about  39**  to  40*  C 
(102.2°  to  104°  F.).  defibrinated  by  whipping  with  a  clean  glass  rod,  then  fit 
tored  through  clean  linen  in  a  glass  funnel  into  another  glass  vessel  kept  al 


about  39°  to  40'  C.  (1U2.2°  to  104°  F.J  over  a  water  bath.  While  an  assistant 
attends  to  the  defibrination  and  filtration  of  the  blood,  a  large  cutaneous  vein 
— usually  at  the  elbow — is  picked  out.  The  finding  of  the  vein  can  be  facili- 
tated by  causing  it  to  become  distended  with  a  phlebotomy  baudu^  wound 
around  the  (Upper)  arm.  After  exposing  the  vein  and  isolating  BOtue  3.3 
centimelrea  of  its  extent,  two  catgut  ligatui-es  are  pas^d  under  it.  and  the 
vein  is  gently  lifted  with  the  jteripheral  ligature  and  opened  by  scissors- 
A  disinfected  glass  cannula  is  pushed  into  the  open  vein  in  the  direction  of 
the  blood  current  and  secured  by  the  other  ligature.  The  bleeding  from  the 
vein  is  checked  simply  by  lifting  the  vein  by  the  {leripheral  ligature,  or  the 
latter  may  be  knotted.  The  glass  cannula  is  tilled  with  blood,  and  then  the 
warm  defibrinated  blood  is  injected  by  a  glass  syringe,  which  is  not  too  large, 
or  a  g^asa  jar  is  used  with  a  rubber  tube  like  an  irrigator.  At>out  two  hun- 
dred to  three  liundred  grammes  are  injected  slowly  ;  Hueter  reconimeiids  the 
injection  of  four  hundred  grammes  or  more.  The  entrance  of  air  into  the 
vein  and  tiie  formation  of  coagula  are  especially  to  be  avoided.  The  strict- 
est asepsis  as  regards  the  giver  and  receiver  of  the  blood  must  always  be 
observed. 

Tedmiqne  of  Arterial  Blood  Tramfoaion.— In  arterial  transfusion  (Grafe, 
Hueten  the  radial  or  ulnar  artery  is  exposed  and  sufficiently  isolated  above 
the  wrist  joint.  Three  catgut  ligatures  are  then  pushed  under  the  artery. 
The  centrally  located  ligature  is  knotted  and  occludes  the  artery,  while  a 
simple  knot  or  sling  is  made  with  the  peripheral  ligature,  or  the  vessel  is 
closed  temporarily  with  a  small  artery  clamp.  The  artery  is  then  opened 
with  scissors  between  the  two  ligatures  or  on  the  proximal  side  of  the  periph- 
erally placed  artery  olanip,  a  glass  tube  is  pushed  into  the  hole  in  the  artery 
towards  the  periphery  and  firmly  secured  with  the  third  ligature.  The  fur- 
ther course  of  the  operation  is  the  same  as  above. 

After  the  termination  of  the  transfusion  the  artery  and  vein  are  tied  cen- 
trally and  peripherally,  the  intervening  portion  used  for  the  infusion  is  extir- 
pated, and  the  glass  cannula  removed,  Hueter  claims  that  the  advantage  of 
arterial  transfusion  lies  in  the  fact  that  the  blood  is  first  driven  into  the  capil- 
laries, and  the  latter  ai.'t  as  a  filter  for  any  clot  that  may  be  injected ;  there 
is,  morfover,  no  danger  fi-om  the  enlraiicc  of  air. 

Techniqae  of  Direct  Blood  Traiufu«ioiL— In  the  direct  conduction  of  blood 
from  an  artery  into  a  vein  the  above  rules  are  followed— i.  e.,  a  glass  cannula 
is  tied  into  the  vein  of  the  receiver  and  one  into  the  artery  of  the  giver  of 
the  blood,  and  both  are  connected  by  a  rigorously  disinfected  rubber  tube  in 
which  a  glass  tul)C>  is  sometimes  interposed  to  control  any  coagulation. 

Techniqueof  Saltlnfnaion,— In  the  infusion  of  salt  solution,  which  should 
be  undertaken  as  so-m  as  possible  after  the  htemorrhage  and  with  the  strict- 
est  usepsix.  a  sterilised  sevcn-tenths-per-cent  solution  of  common  salt  warmed 
to  about  3fl*  C.  ( I0a.2°  F.)  is  used,  which  is  rendered  alkaline  by  the  addition 
of  sodium  hydroxide  or  potassium  carbonate.  Sz.uman  recommends  aq,  destil. 
I.IWO,  sod,  chlorat.  6,0.  sod.  carb,  1.0.  For  one  to  one  and  a  half  litres  of  a 
eeven -tenths- per-cent.  solution  of  common  salt  about  thrw  drops  of  Mxlium 
liydmte  are  snlflcient.  According  to  Kroneclter,  the  solution  of  salt  should 
be  0,7:1  |>er  cent,  and  neiifm/— alkaline  liquids  may  prove  dangerous — or  the 
above-mentioned  solt-sugBr  solution  of  Ludwig's  may  be  used.    For  infu- 
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ston,  a  glass  funnel  is  employed,  or  a  glass  flask  with  a  tube  at  th 
connectiug  it  with  a  rubber  tube  aud  a  glass  cannula.  The  infusioi 
take  place  under  no  higher  pressure  than  exists  in  the  larg«  reins. 
*  son  states  that  this  is  represented  at  the  most  by  one  centimetre  of 
or  thirteen  centimetres  of  the  sodtum-cbloride  solution — i.  e.,  the 
flask  should  not  be  held  higher  than  0.13  to  0.25  millimetre  above  t 
ing  in  the  rein.  During  the  infusion  the  body,  especially  the  ab 
viscera,  should  be  vigoroc 
saged.  Five  hundred  cut 
metres  at  the  least  ore  : 
and  in  severe  cases  of 
rhage  about  one  thouaai 
t«eu  hundred  cubic  cent 
The  infusion  should  not 
ried  on  too  rapidly,  about 
ninety  cubic  centimetrea  I 
jected  in  a  minute.  The 
of  salt  infusion  has  so  : 
very  encouraging.  Then 
fusion,  according  to  the  ex 
we  have  had  with  it,  st 
preferred  to  the  arterial. 
Kiimmel  likewise  warn 
infusing  salt  solution  inl 
tery.  After  the  infusioi 
glass  syringe  of  about  fi 
dred  grammes  of  a  six-tei 
cent,  alkaline  salt  solut 
the  radial  artery,  gaiigret 
skin  followed,  rendering 
sary  to  amputate  the  ton 
tween  the  lower  and  niidd 
Subentaneous  8«lt  In 
According  to  my  own  ei] 
the  subcutaneous  infusii 
sterilised  seven-tenths-f 
solution  of  common  salt  ii 
inglygood.  Theinveetij; 
ZieniBsen,  Samuel,  etc.,  bf 
onstrated  that  the  syste 
when  the  activity  of  the 
impaired,  is  still  able  to 
into  its  circulation  giw 
titles  of  salt  solution  injected  subcn tail eou sly.  It  is  injected  th 
hollow  nccille  into  various  parts  of  the  body,  particularly  beneath 
over  the  abdomen,  by  means  of  some  apparatus  like  that  of  Sahli's,  il 
in  Fig.  3fi(i :  five  hundred  to  one  thousand  cubic  ceutimetres.  warm 
C.  (102.2°  F.),  ai-e  iiijwted  during  five  to  ten  to  fifteen  t«  twenty 
minutes,  according  to  the  nature  of  the  case,  and  absorption  is  has 
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gentle  rubbing  (massage).  I  have  sec-u  remarkable  results  ii 
and  in  collapse  after  prolonged  operations  on  weak  iudii'idiials.  In  proper 
cases  several  litres  of  salt  aoltitiou  can  be  injected  subcutaiieously  on  several 
dilt'ereut  days.  In  one  patient  with  chronic  mercurial  poisoning  Sahli 
wa-shed  out  the  body,  as  it  were,  with  twenty-one  litres  of  salt  solution  in 
eight  sittings;  each  time  two  and  a  half  to  four  litres  were  infused  subcu- 
taneoiisly.  However,  a  therapeutic  success  was  not  obtained,  since  the  mei^ 
curv  could  iKit  be  dciiionstrated  in  lh«  urine.* 

Infuion  of  Warm  Water— In  one  case  Coates  made  a  successful  injection 
of  vix  hiindri'd  ;iud  lifty  i^Tatiimes of  pure  warm  water  into  the  cephalic  vein. 

Uilk  Infosion.— .\t  the  euil  of  the  eighteenth  century  Muralto  recom- 
mended the  iujectiou  of  milk  instead  of  blood.  But  Landois  and  others 
have  shown  by  animal  experimentation  that  the  procedure  ts  to  be  con- 
demned as  directly  dangerous  to  life  ;  its  results  are  marked  disturluinces  of 
circulation,  coagulation,  and  emboli.  Vigezzi  has  recently  tested  experi- 
mentally the  infusion  of  milk  into  veins,  and  he  states  that  acidilied  milk 
brings  about  the  above-mentioned  dungerous  manifestations,  but  that  milk 
mixed  with  an  alkaline  solution  is  entirely  harmless. 

§  90.  Bumi.— Bums  ori^nate  in  a  great  many  different  ways — 
e.  g.,  by  direL't  contact  of  the  affected  portion  of  the  body  with  a  flanie, 
or  by  the  explosioQ  of  powder,  illuminating  gas,  "fire-damp,"  etc. 
Fire-damp  occurs  in  coal  mines  in  particular,  and  causes  an  explosion 
if  mixed  with  a  double  volume  of  oxygen  or  a  tenfold  volnnie  of  air 
ftnd  brought  in  contact  with  a  flame.  Burns  are  very  often  due  to  the 
action  of  hot  gases,  steam,  liquids,  hot  solid  bodies,  such  as  metals,  etc. 
In  this  class  of  cases  belong  the  injuries  caused  by  caustic  substances, 
sudi  as  concentratefl  acids  (sulphuric  acid,  nitric  acid,  etc.),  and  by 
caustic  alkalies.  Comparatively  mild  bums  of  the  sidn  are  caused  by 
the  sun's  rays. 

Symptoms  and  Coarse  of  Bnms. — The  clinical  course  of  a  burn  de- 
pends upon  its  intensity  and  extent.  The  intensity  of  the  burn  is  con- 
ditional upon  the  degree  of  the  lieat  and  the  duration  of  its  action. 
The  purely  local  manifestations  mtiv  occur  in  three  diiFerent  degrees  of 
severity  :  First  degree,  hijj>ercefnin  ;  second  degree,  hUli  fimnutioH  ; 
third  degree,  fn-htir  f "/•milium, 

Bunii  of  th«  First  Degree.— y^^  first  degree  is  characterised  by  a 
painful  redness  and  slight  swelling  of  the  skin — i,  e.,  by  a  dilatation  of 
(be  capillaries,  with  a  slight  exudtition  of  serum,  as  in  erythema,  or  in 
a  mild  inflammation.  In  the  mildest  cases  the  redness  disajipears  in  a 
sliort  time  and  nothing  follows.  Very  frequently  the  homy  layer  of 
epidermis  is  east  off  in  the  form  of  small  scales  or  patches.  lu  the 
nr-rvrir/  decree  of  hum  we  observe,  in  addition  to  the  maiiifestiitions  of 
the  first  degree,  the  development  of  small  and  large  i/t^Aa,  which  are 
.,  N,  F.,  So.  11, 
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filled  witb  a  watery,  transparent,  or  eliglitlj  yellow  Benuu,  aod  k 
and  there  with  serum  mixed  with  blood.  These  blebs  either  der^ 
immediately  or  in  the  course  of  the  next  few  hours  after  the  reeepy 
of  the  burn.  The  blebs  are  usually  located  in  the  epidermis,  and  tbe 
contents  raise  the  horny  layer  from  the  underlying  layer  of  the  rtu 
Malpighii.  The  rapid  development  of  the  blebs  in  a  bum  has  sol  yd 
been  clearly  explained.  In  bums  of  this  second  d^ree  the  swelling 
and  pain  are  usually  very  considerable,  especially  at  those  points  when 
there  is  much  tension,  or  when  the  blebs  are  removed  and  the  verr 
sensitive  reddened  corium  is  exposed  to  the  air.  If  the  blebs  break  or 
are  artificially  opened,  the  epidermis  beneath  the  portion  that  has  been 
lifted  up  forms  a  new  homy  layer  within  three  to  six  to  eight  daji, 
and  from  tins  the  shreds  of  the  old  homy  layer  can  be  easily  remored. 
If  the  true  cutis  is  exposed,  or  if  the  latter  is  involved  in  the  bum,  sup- 
puration often  ensues ;  but  it  can  be  entirely  prevented  by  antisepde 
dressings,  after  previously  carefully  disinfecting  the  parte.  These  lit- 
ter cases  form  the  transition  to  burns  of  the  tAird  degree,  in  wbic]i,is 
a  result  of  the  action  of  very  severe 
heat,  an  e^cAar  is  formed.  The  appear- 
ance of  the  eschar  varies  greatly,  ixatif 
ashy  grey,  brown,  yellow,  or  black  ia 
colour,  and  either  moist  or  dry.  Tl* 
separation  of  the  eschar  is  lirougbl 
atxtut  by  the  ensuing  siippuratMHi, 
which  can  be  limited  or  prevented  bj 
antiseptic  treatment.  In  bums  of  Ac 
third  degree  the  differeuce  hetiretn 
individual  cases  is  very  great,  and  tbet 
include  bums  varying  from  a  partii) 
destruction  of  the  cutis  to  a  complete 
carbonisation  of  an  entire  extremitj. 
Hence  it  follows  that  the  division  of 
bums  into  three  degrees  b  soinevbit 
illusory,  and  there  have  been  surgeons  who  have  distinguished  setc 
to  ten  desrees  of  burns.  But  the  division  of  bums  into  three  degB* 
is,  on  the  whole,  the  best. 

The  casting  off  of  the  burned  tissue  occasionally  takes  a  very  Icnf 
time,  especially  when  bones  are  involved^  When  the  eschar  hash** 
remiivcd,  and  a  correnpondingly  large  granulating  wound  surface  fc" 
taken  its  place,  .the  skin  gradually  forms  over  it,  as  described  in  ^  61 
A  very  extensive  destruction  of  skin  is  often  observed  after  l«im 
causing  great  obstacles  to  re])air.     The  cicatrix  not  infrequently  giv 
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rise  to  various  disturbances  of  function  and  to  deformities,  among 
which  mention  should  he  made  of  ectropion  of  the  ejelids,  adhesion  of 
the  chin  to  the  chest,  contractures  of  joints  in  the  extremities,  etc. 
(Fig.  361).     These  cicatricial  contractures  are  best  prevented  by  the 

I  transplantation  of  large,  fresh  cutaneous  flaps  with  pedicles,  or  bj  skiu 

grafting. 

I  Constitutional  Symptoms  after  a  Bum. — The  constitutional  syniptoms 

observed  after  tlie  reception  of  a  bum  depend  in  the  first  place  upon 
the  extent  of  the  hum.     It  is  generally  accepted  that  when  more  than 

I  half  the  surface  of  the  body  is  burned  even  to  a  slight  extent  death  is 

certain  to  follow;  in  many  cases  death  ensues  when  the  bum  involves 
only  a  third  of  the  body.  The  carbonisation  of  an  extremity  is,  in 
general,  better  borne  than  an  extensive  slight  burn  of  the  surface  of 
the  body.  After  extensive  bums  death  ensues  either  immediately  after 
the  injury  or  in  the  course  of  the  first  or  secontl  day,  or  after  several 
days  or  weeks — i.  e.,  either  in  the  stage  of  inflammatory  reaction,  or 
in  that  of  suppuration  and  exhaustion. 

Immediately  after  the  reception  of  an  extensive  hum  the  patient  is 
Qsnally  in  a  state  of  great  excitement ;  he  complains  of  severe  pain  in 
the  injuretl  part,  and  often  cries  and  screams.  The  mind  is  at  tirst  en- 
tirely clear.  In  the  cases  running  a  rapidly  fatal  course  the  patients 
are  very  restless  and  toss  about  in  bed ;  delirium  and  convulsions  come 

I  on,  the  thready  pulse  is  extremely  rapid,  the  temperature  of  the  body 

is  below  normal  ^sometimes  as  much  as  3°  to  5°  F.— the  respiration  is 
BUperlicial  and  rapid,  the  extremities  are  cool,  and  death  usually  follows 
with  increasing  symptoms  of  collapse  and  coma.     The  lowering  of  the 

I  temperature  occurring,  as  a  rule,  in  extensive  bums  of  the  skin  is  due 

to  the  abnormally  increased  radiation  of  heat  from  the  dilated  ves-  . 
sels  in  the  affected  parts  which  have  \>eeu  robbed  of  their  protecting 
epidermic  covering.  In  a  number  of  cases  of  bums  very  pronounced 
excitement  is  present  until  shortly  before  death,  while  other  patients 
lie  quietly  in  a  state  of  apathy.  There  is  often  vomiting  and  great 
thirst.  The  urine,  in  the  majority  of  instances,  is  very  scanty,  and 
occasionally  there  may  be  more  or  less  complete  anuria,  and  not  infre- 

I  qucntly  beemoglobinnria.     The  latter  is  a  result  of  the  destruction  of 

I  the  red  blood -corpuscles  which  were  in  the  vessels  of  the  affected  jiart 

I  at  the  time  of  the  burning.     If  the  patient  survives  the  first  two  days 

I  much  has  been  gained,  but  after  the  lapse  of  five  to  six  days,  in  the 

stage  of  the  inflammatory  reaction,  the  above-described  group  of  symp- 
toms may  suddenly  make  their  appearance  and  cause  death  within  a 
few  hours.     In  the  later  stages  the  cause  of  death  is  due  essentially,  as 

I  we  have  said,  to  the  increaaing  exhaustion;  a  violent  diarrhosa  l)egins,  J 
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with  now  and  then  the  formation  of  ulcers  in  the  duodenum,  usually  i: 

tlie  neighbourhood  of  the  pylorus. 

Catises  of  Death  after  Extensive  Bnjng,— How  is  the  death  which  quickl; 
ensues  after  exleusive  ijuriia  lo  be  explained  i  The  opinions  of  varic 
thorities  differ  greatly  upon  this  subject,  and  as  yet  no  generally  satisfactory 
explanation  has  been  advanced.  According  tu  Wertheiui.  Ponfick,  ai 
others,  the  above-nientiouetl  destruction  of  the  red  blood-corpuscles  is  tl 
main  cause  of  death.  The  marked  ditninutiou  iu  the  number  of  red  bloodU  J 
corpuscles  which  are  necessary  fur  respiration  and  for  metaboliani,  produoefl,,! 
according  to  this  view,  death,  with  symptoms  similar  to  those  iu  carbouio-  ■ 
acid-gas  poisoning.  Furthermore,  the  plasma  is  diminished,  and  tltia  causes 
a  thickening  of  the  blood,  which  may,  however,  be  compensated  for  on  the 
second  or  third  day  afterwards  (Tappeiner,  Koch).  In  addition,  the  sudden 
destruction  of  the  red  corpuscles  has  in  itself  a  deleterious  effect.  In  conse- 
quence of  the  destruction  of  the  red  cells,  the  haemoglobin  is  dissolved  in  the 
blood,  and  this,  as  we  know,  is  also  a  means  of  rapidly  destroying  the  white 
blood -corpuscles,  and  of  favouring  the  development  of  llie  fibrin  ferment, 
and  of  extensive  coagula  in  the  vessels.  As  a  matter  of  fact,  extensive 
thrombi,  originating  tnfra  vitatn.  are  found  in  the  vessels  of  all  tbe  different 
organs ;  this  has  been  recently  demonstrated  in  man  and  animals  by  Silber- 
mann  and  Welti.  Furthermore,  larger  or  smaller  amounts  of  h/emoglohin 
are  frequently  found  in  the  kidneys,  it  being  most  plentiful  in  the  straight 
uriiuferous  tubules,  though  occurring  also  in  the  convoluted  tubules  and 
within  Bowman's  cajisule.  From  the  presence  of  hasmoglobiii  such  kidneys 
liave  a  dark,  brownish-red  colour,  which  used  to  be  erroneously  ascribed  to 
excessive  hyi*era!iuia.  In  addition,  tii«  kidneys  are  more  or  less  hypcr^'mic, 
and,  like  the  stomach  and  liver,  full  of  necrotic  foci.  These  necroses  become 
more  extensive  with  the  prolongation  of  life  after  the  reception  of  the  burn 
(Welti).  The  diminished  excretion  of  urine  is  ex{)lained  by  the  changes  in 
the  kidneys. 

Acconiing  to  Salvioli,  the  cause  of  death  from  bums  is  to  be  sought  for 
mainly  in  the  formation  of  numerous  thrombi  and  emboli  made  up  of  blood- 
plaques.  In  consequence  of  these  blood-plaque  thrombi,  and'in  consequence 
of  the  increased  adhesiveness  of  the  blood-corpuscles,  the  circulation  finally 
comes  to  a  complete  stand-still.  After  animals  have  been,  as  far  as  [lossiblc. 
deprived  of  the  blood-plaques  by  venesection  and  injection  of  deflbrinated 
blood,  they  endure  severe  burns  much  better,  for  the  reason  that  the  above- 
mentioned  thrombi  do  not  develop. 

According  to  Sonnenburg.  the  promptly  fatal  cascsof  extensive  burns  die 
of  heart  paralysis.  The  burning  acts  an  an  excessive  irritation  to  tbe  nervous 
system,  causing  a  reflex  diminution  of  the  vascular  tone. 

Othei-s  look  for  the  cause  of  death  in  the  arrest  of  the  activity  of  the  akin 
and  iu  the  formation  of  different  poisonous  substances.  As  a  matter  of  fact. 
severe  burns  often  run  a  course  similar  to  intoxications,  and  it  is  hence  very 
natural  to  seek  for  the  cause  of  death  in  no,\ious  chemical  products. 

Catiano  has  raised  the  question  whether,  in  extensive  bums,  a  substance 
found  mostly  in  the  skin  is  not  changed,  by  being  rapidly  heated,  into  a 
poison,  tbe  absorption  of  which  gives  rise  to  the  disturbances  in  question. 
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The  sweat  of  the  skin  has  an  acid  reaction  from  formic  acid  (CH,0,).  If 
this  is  gradually  uoutruliaed  on  the  akin  by  aniniomum  hydroxide  there 
forms  the  very  easily  soluble  formats  of  ammonium.  If  this  salt  is  rapidly 
heated  it  loses  water  and  changes  into  hydrocyanic  acid.  The  symptoms  of 
hydrocyanic -acid  poisoning'  are  said  to  be  in  every  respect  similar  to  those 
following  bums.  According  to  other  authorities,  death  is  caused  by  the 
aceumulatioD  of  ammonia  in  the  blood.  According  to  Reisa,  the  poison 
formed  in  burns  belongs  probably  to  the  pyridin  bases.  The  poison  is 
excreted  by  the  kidneys.  If  one  half  to  one  cubic  centimetre  of  urine  from 
burned  mice  is  injected  into  healthy  mice,  the  latter  die  in  a  few  hours  with 
the  symptuma  of  coma  and  clonic  spasms.  The  alcoholic  extract  of  the  urine 
is  particularly  poisonous. 

Aecordinff  to  Luslgarten,  Boyer.  and  others,  death  is  due  to  ptomaine 
poisoning.  The  intoxication  is  caused  by  the  metabolic  products  of  the 
bacteria  which,  lying  in  the  depths  of  the  cutaneous  follicles,  have  escaped 
the  effects  of  the  burn.  It  is  true  that  the  degenerations  of  the  kidney, 
lungs,  brain,  etc..  which  are  often  present  in  extensive  burns,  point  to  the 
action  of  toxic  substances.  In  any  case,  these  parenchymatous  degenera- 
tions of  the  internal  organs  probably  play  an  imjwrtant  part  in  the  fatal 
outcome  of  bums. 

The  causes  of  death  in  the  later  stages  of  the  intlammatory  reaction,  as 
well  as  during  the  period  Of  suppuration  and  exhiiustion,  vary  greatly  in 
their  nature.  The  Intensity  of  the  bum  and  the  subsequent  suppuration,  the 
fever,  and  the  individual  peculiarities  of  the  injured  person  are  here  the  most 
important  factors.  Not  infrequently  death  has  occurred  from  pytemia  and 
sepsis,  particularly  before  the  introduction  of  asepsis.  Among  tlie  intlam- 
matioiis  of  the  internal  organs  the  most  frequently  observed  are  iuflumma- 
tioDS  of  the  intestines,  the  kidneys,  the  lungs,  the  pleune,  and  the  meninges ; 
Uiey  are  rarely  caused  by  tlie  action  of  the  heat  during  the  reception  of  the 
burn,  but  are  much  more  frequently  a  result  of  the  gradual  alteration  in  the 
blood  that  occurs  after  the  bum. 

Dnodenitu  after  Barni.— The  origin  of  the  dxodenat  ulceration  after 
burns,  mentioned  on  page  501.  has  not  as  yet  been  clearly  explained.  Catiano 
believes  that  the  duodenal  ulcers  and  the  intestinal  catarrh  originate  from  the 
detttruction  of  the  epithelial  layer  and  the  action  of  the  inteetinal  secretion 
upon  the  exposed  parU.  Tlie  epithelial  destruction  is  said  to  be  produced  by 
formate  of  ammonium,  or  by  the  hydrocyanic  acid  tliat  is  formed  from  the 
latler.  Hunter  also  is  of  the  opinion,  reasoning  from  hi.s  experiments  upon 
dogs  with  t«)luylendiamin,  tliat  analogously  to  the  way  this  substance  acts, 
certain  similar  products  of  decomposition  iu  the  tissues  are  produced  in  cases 
of  burns  which  are  excreted  in  the  bile  and  are  capable  of  exciting  intlam- 
mation  and  ulceration  in  the  duodenal  mucous  membrane. 

Since  the  time  that  we  have  been  able,  with  the  help  of  the  modern  method 
of  treating  wounds,  to  control  suppuration  and  ita  accompanying  fever  and 
prostration,  as  well  as  tlie  accidental- wound  diseases,  cases  of  death  from  sup- 
pnnition  and  other  wound  infections  after  burns  have  become  leas  common. 

Prognosia  rf  Burns. — The  propnogis  of  bums  may  \te  inferred  from 
what  hail  been  said.     The  more  extensive  a  burn  is,  6o  mucli  the  more 
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with  now  and  then  the  formation  of  ulcers  in  the  dnodenum,  usoaU^^ 
the  neighbourhood  of  the  pylorus. 

CauBes  of  Death  after  Extensiye  Buma— How  is  the  death  which  quick/j 
ensues  after  extensive  burns  to  be  explained  ?  The  opinions  of  various  au- 
thorities differ  greatly  upon  this  subject,  and  as  yet  no  generally  satisfactory 
explanation  has  been  advanced.  According  to  Wertheim,  Ponfick,  and 
others,  the  above-mentioned  destruction  of  the  red  blood-corpuscles  is  the 
main  cause  of  death.  The  marked  diminution  in  the  number  of  red  blood- 
corpuscles  wliich  are  necessary  for  respiration  and  for  metabolism,  produces, 
according  to  this  view,  death,  with  symptoms  similar  to  those  in  carbonic- 
acid-gas  poisoning.  Furthermore,  the  plasma  is  diminished,  and  this  causes 
a  thickening  of  the  blood,  which  may,  however,  be  compensated  for  on  the 
second  or  third  day  afterwards  (Tappeiner,  Koch).  In  addition,  the  sudden 
destruction  of  the  red  corpuscles  has  in  itself  a  deleterious  etfect.  In  conse- 
quence of  the  destruction  of  the  red  cells,  the  hasmoglobin  is  dissolved  in  the 
blood,  and  this,  as  we  know,  is  also  a  means  of  rapidly  destroying  the  white 
blood-corpuscles,  and  of  favouring  the  development  of  the  fibrin  ferment, 
and  of  extensive  coagula  in  the  vessels.  As  a  matter  of  fact,  extensive 
thrombi,  originating  intra  vitam,  are  found  in  the  vessels  of  all  the  different 
organs;  tliis  has  been  recently  demonstrated  in  man  and  animals  by  Silber 
maTin  and  Welti.  Furthermore,  larger  or  smaller  amounts  of  haemoglobin 
are  frequently  found  in  the  kidneys,  it  being  most  plentiful  in  the  straight 
urinifei'ous  tubules,  though  occurring  also  in  the  convoluted  tubules  and 
within  Bowman's  capsule.  From  the  presence  of  hsemoglobin  such  kidneys 
have  a  dark,  brownish-red  colour,  which  used  to  be  erroneously  ascribed  to 
excessive  hypei'auiiia.  In  addition,  the  kidneys  are  more  or  less  hjrperaemic, 
and,  like  the  stomach  and  liver,  full  of  necrotic  foci.  Tliese  necroses  become 
more  ext(»nsive  with  the  prolongation  of  life  after  the  reception  of  the  burn 
(Welti).  The  diminished  excretion  of  urine  is  explained  by  the  changes  in 
the  kidneys. 

According  to  Salvioli,  tlie  cause  of  death  from  bums  is  to  be  sought  for 
mainly  in  the  formation  of  numerous  thrombi  and  emboli  made  up  of  blood- 
plaques.  In  consequence  of  these  blood-plaque  thrombi,  and*in  consequence 
of  the  increiused  adhesiveness  of  the  blood-corpuscles,  the  circulation  finally 
comes  to  a  complete  stand-still.  After  animals  have  been,  as  far  as  possible. 
deprived  of  the  blood-plaques  by  venesection  and  injection  of  defibrinated 
blood,  they  endure  severe  burns  much  better,  for  tlie  reason  that  the  above- 
mentioned  thrombi  do  not  develop. 

According  to  Sonnenburg,  the  promptly  fatal  cases  of  extensive  bums  die 
of  lieart  paralysis.  The  burning  acts  as  an  excessive  irritation  to  the  nervous 
system,  causinj^  a  reflex  diminution  of  the  vascular  tone. 

OtheiN  kK)k  for  the  cause  of  death  in  the  arrest  of  the  activity  of  the  skin 
and  in  the  formation  of  different  poisonous  substances.  As  a  matter  of  fact 
severe  burns  often  run  a  course  similar  to  intoxications,  and  it  is  hence  very 
natural  to  seek  for  the  cause  of  death  in  noxious  chemical  products. 

Catiano  has  raised  the  question  whether,  in  extensive  bums,  a  substance 
found  mostly  in  the  skin  is  not  changed,  by  being  rapidly  heated,  into  a 
poison,  the  absorption  of  which  gives  rise  to  the  disturbances  in  question. 
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The  sweat  of  the  akin  has  an  acid  reaction  from  formic  acid  (CH,Oj.  It 
this  is  gradually  neutmliswl  on  the  skin  by  auiiuoniuiu  hydroxide  there 
forms  the  very  easily  soluble  formats  of  ammonium.  If  this  salt  is  rapidly 
beat«d  it  loses  water  and  changes  into  hydrocyanic  acid.  The  symptoms  of 
hydrocyaiiic-acid  poisoning  are  said  to  be  in  every  respect  similar  to  those 
followin^r  bums.  According  to  other  authorities,  death  is  caused  by  the 
accumulation  of  ammonia  in  the  blood.  According  to  Reiss.  the  poison 
formed  in  burns  belongs  probably  to  the  pyridin  bases.  The  poison  is 
excreted  by  the  kidneys.  If  one  half  to  one  cubic  centimetre  of  urine  from 
burned  mice  ia  injected  iiito  healthy  mice,  the  latter  die  in  a  few  hours  with 
the  symptoms  of  coma  and  clonic  spasms.  Tlie  alcoholic  extract  of  the  urine 
is  particularly  poisonous. 

According  to  Lustgarten.  Boyer.  and  others,  death  is  due  to  ptomaine 
poisoning.  The  intoxication  ia  caused  by  the  metabolic  products  of  the 
bacteria  which,  lying  in  the  depths  of  the  cutaneous  follicles,  have  escaped 
the  effects  of  the  burn.  It  is  true  that  the  degenerations  of  the  kidney, 
lungs:,  brain,  etc.,  which  are  often  present  in  extensive  burns,  point  to  the 
action  of  lojtic  substances.  In  any  case,  these  parenchymatous  degenera- 
tions of  the  internal  organs  probably  play  an  important  part  in  the  fatal 
outcome  of  burns. 

Tlie  causes  of  death  in  the  later  stages  of  the  inflammatory  reaction,  as 
well  as  during  the  jieriod  of  suppuration  and  exhaustion,  vary  greatly  in 
their  nature.  The  intensity  of  the  burn  and  the  subsequent  suppuration,  the 
fever,  and  the  individual  peculiarities  of  the  injured  person  are  here  the  most 
important  factors.  Not  infrequently  death  has  occurred  from  pytemia  and 
aepsis,  ptarticularly  before  the  introduction  of  aseitsis.  Among  the  inflam- 
mations of  the  internal  organs  the  most  frequently  observed  are  inllainma- 
Idons  of  the  intestines,  the  kidneys,  the  lungs,  the  pleune,  and  the  meninges ; 
they  are  rarely  caused  by  the  action  of  the  heat  during  the  reception  of  the 
buin.  hut  arc  much  more  frequently  a  result  of  the  gradual  alteration  in  tlie 
biood  that  ix'curs  after  the  burn. 

Snodenitii  after  Barn&~Tlie  origin  of  tlie  duodotal  ulceration  after 
burns,  mentioned  on  page  301.  has  not  as  yet  been  clearly  explained.  Catiano 
believes  that  the  duodenal  ulcers  and  the  inlMtinal  catarrh  originaUi  from  the 
destruction  of  the  epithelial  layer  and  the  action  of  the  intestinal  secretion 
upon  the  exposed  parts.  Tlie  epithelial  destruction  is  said  to  bo  produced  by 
formate  of  ammonium,  or  by  the  hydrocyanic  acid  that  is  forme<l  from  the 
latter  Hunter  also  is  of  the  opinion,  reasoning  from  hLs  experiments  upon 
dogs  with  toiuylendiamin.  that  analogously  to  the  way  this  substance  acts, 
certain  similar  products  of  decomposition  in  the  tissues  are  produced  in  cases 
of  burns  which  are  excreted  in  the  bile  and  are  capable  of  exciting  inllam- 
mation  and  ulceration  in  the  duodenal  mucous  membrane. 

Since  the  time  that  we  have  been  able,  with  the  help  of  the  modern  method 
of  treating  wounds,  lo  control  suppuration  and  itJi  accompanying  fever  and 
prostration,  as  well  as  tlie  accidental -wound  diseases,  cases  of  death  from  sup- 
puration and  other  wound  infections  after  burns  have  become  less  common. 

Pn^pioeU  of  Bams. — The  prognoeie  of  burns  may  be  inferred  from 
vliat  has  been  said.     The  more  extenaive  ft  bum  is,  so  much  the  more 
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unfavourable  is  the  prognosis,  quoad  vitam.  In  addition,  the  loca.^; 
of  the  bum,  as  well  as  the  age  and  constitution  of  the  patient,  play  an 
important  part.  Qv^ad  functiotiem^  burns  of  the  third  degree,  invo/r- 
ing  the  entire  thickness  of  the  cutis,  are  alone  to  be  feared,  on  aoconnt 
of  the  cicatricial  contractures  which  may  result.  Contractures  of  the 
joints,  abnormal  adhesions,  such  as  adhesion  of  the  chin  to  the  neck, 
adhesions  between  the  two  jaws,  contractures  of  the  eyelids,  etc.,  result 
in  this  way. 

Treatment  of  Bums. — Leaving  for  the  present  the  treatment  of  ex- 
tensive burns  endangering  life  out  of  consideration,  the  local  treatment 
of  bums  of  the  first  degree  is  mainly  directed  towards  the  alleviation 
of  the  pain.  This  is  best  accomplished  by  the  local  use  of  cold  in  the 
form  of  ice-bags  and  ice  compresses ;  by  the  use  of  liquor  plumbi  snb- 
acetatis  dilutus  with  ice ;  by  cold  baths ;  by  painting  with  flexible  col- 
lodium,  unguentum  cerusssB  or  unguentum  lithargyri  Hebrse  (ungnen- 
turn  diachylon)  after  dusting  on  starch,  or  starch  with  oxide  of  zinc, 
dermatol,  etc.,  with  or  without  an  occlusive  dressing  of  cotton  wool 
Protective  dressings,  according  to  my  own  experience,  are  the  best  for 
alleviating  the  pain.  By  placing  the  parts  in  a  proper  position — ^if  an 
extremity,  by  elevating  it — the  analgesic  effects  of  the  above  remedies 
are  materially  promoted.  In  some  instances  it  is  advisable  to  give  snb- 
cutaneous  injections  of  morphine.  In  burns  of  the  sei^ond  deg^re^^  when 
blebs  are  present,  it  is  advantageous  to  evacuate  the  blebs  tliroogh 
punctures,  but  not  to  remove  the  elevated  epidermis,  to  cleanse  die 
burned  area  in  the  usual  way  with  antiseptic  solutions  (1  to  1,000  bi- 
chloride, or  three-per-cent.  carbolic-acid  solutions),  and  then  to  apply  an 
antiseptic  powder  dressing — for  example,  zinc  oxide,  bismuth,  iodoform, 
boric  acid,  aristol,  dermatol,  etc.  As  materials  for  dressings,  it  ia  a 
good  plan  to  use  iodoform  gauze  or  sterilised  mull  covered  with  cot- 
ton, or  some  other  aseptic  material,  which  allows  drying  to  take  place. 
These  antiseptic  or  aseptic  dry  powder  dressings  I  consider  far  l)ettcr 
for  bums  than  the  other  kinds  of  dressings  with  salves  (ungiientnm 
8iiiipl.,ceru8Sffi,  diachylon,  vaseline,  etc.),  or  washes  (lime-water  and  lin- 
seed oil,  equal  parts),  or  solutions  of  nitrate  of  silver  (arg.  nitr.,  1  to  100 
of  water)i  The  dressing  dries  into  a  firm  aseptic  scab,  which  can  be 
left  uncovered  ])y  bandages  until  it  falls  off  of  its  own  accord  from  the 
healed  wound.  In  mild  bums  the  formation  of  simple  aseptic  scaba, 
by  means  of  iodoform,  dermatol,  bismuth,  or  zinc  oxide,  without  any 
other  dressing,  is  a  very  excellent  treatment.  After  careful  disinfec- 
tion of  the  burn,  Xitzsolie  recommends  covering  it  with  linseed  oil  var- 
nish (1  part  oxide  of  lead  dissolved  in  25  parts  of  boiled  linseed  oil,t< 
which  is  then  added  five  to  ten  per  cent,  of  salicylic  acid  while  the  oi 
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ia  hot) ;  over  this  a  layer  of  cotton  is  plat-ed,  and  pressed  down  ae  firm- 
ly as  possible  by  ao  elastic  bandage.  Healing  generally  follows  under 
a  single  dreefiing.  The  antiseptic  powder  dres»inffs  are  particularly 
good  for  burns  of  the  t/iird  decree.  In  this  way  the  decomposition  of 
the  burned  tissues  is  most  easily  prevented,  and  the  secretion  or  sup- 
puration is  kept  as  small  as  possilile.  The  treatment  of  burns,  like  any 
other  wound,  should  always  be  conducted  with  theslrictest  attention  to 
antiseptic  rules,  and  the  less  often  the  dressings  are  changed  the  better. 
A.  Bidder  recommends  painting  the  burned  area  \vith  thiolum  liqui- 
dum  or  powdering  it  with  thiolum  siccum,  one  of  the  remedies  belong- 
ing to  the  ungaturated  sulphur  compounds  of  the  hydrocarbons.  In 
extensive  burns  the  patient  should  be  placed,  when  feasible,  in  a.per- 
manent  warm  Inith  (see  page  182).  The  employment  of  warm  water 
baths  seems  to  me,  however,  dangerous  in  the  first  days  following  a 
burn,  because  they  lower  the  vascular  tone,  and  can  in  this  way  cause 
serious  collapse  and  even  fatal  paralysis  of  the  heart.  The  covering  of 
large  granulating  surfaces  with  skin  can  be  hastened  by  the  transplan- 
tation of  Thiersch  skin  grafts  (§  42),  or  by  the  transplantation  of  large, 
fresh  skin  flaps  with  pedicles  (§  41).  This  is  the  best  way  of  prevent- 
ing the  development  of  cicatricial  contractures  or  abnormal  adhesions. 
If  cicatricial  contractures  or  diatignriog  strips  of  scar  tissue  have  devel- 
oped after  a  bum,  the  cicatrix  should  l>e  excised  and  the  defect  closed 
by  skin  flaps  with  pedicles  or  Thiersch  skin  grafts.  In  the  milder 
cases  of  contractures  following  bums  systematic  movements  and  mas- 
sage are  sufficient.  The  indications  for  the  amputation  of  extremities 
which  have  l>een  extensively  burned  are,  in  general,  the  same  as  for 
crushings  and  severe  contusions  of  an  extremity.  The  amputation 
should  be  performed  as  early  as  possible  after  the  first  symptoms  of 
shock  have  sulwided. 

In  very  extensive  bums  involving  a  large  portion  of  the  l>ody  the 
treatment  of  the  general  condition  of  the  patient  is  the  tiret  thing  to  be 
considered.  For  the  collapse  which  occurs  in  conjunction  with  the 
burn,  the  patient  should  be  placed  on  his  back,  wrapped  up  as  warmly 
as  possible,  and  stimulants  (wine,  whiskey,  grog,  black  coffee,  or  any 
warm  stimulating  drink)  should  I>e  administered.  The  subcutaneous 
injection  of  ether  or  camphor  is  also  advantageous,  as  is  the  tem|)oniry 
envelopment  of  the  extremities  in  elastic  bandages  to  drive  more  blood 
to  the  heart  (autotransfusion).  Restless  patients  >«hould  be  given  mor- 
phine aubcutaneoualy.  Blood-letting,  which  used  to  be  frequently  prac- 
tise<i.  or  blood  transfusion,  sliould  he  condemned.  On  the  other  hand, 
Biiltcutaneous  sfdt  iiifusion  (see  pages  494,  495)  in  proper  cases  of  ane- 
tnia  or  of  collapse  is  to  be  highly  recommended. 
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Burns  from  Lightning. — Lightning  produces  the  effect  of  an  e/^ 
trical  shock  and  has  a  tearing  and  burning  action.  Sometimes  tlie  one 
and  sometimes  the  other  of  these  effects  is  the  more  prominent  If 
people  and  animals  are  directly  struck  by  lightning,  death  ocean 
immediately  in  many  cases,  probably  as  a  result  of  the  violent  elec- 
trical shock  to  the  nerve  centres,  especially  those  governing  respiration 
and  circulation.  The  autopsy  shows  changes  similar  to  those  in  death 
from  asphyxia.  There  is  usually  a  rapidly  appearing  and  marked 
rigor  mortis  (Offenberg).  According  to  Diirek,  the  anatomical  changes 
brought  about  by  lightning  or  a  strong  electric  current  are  as  follows: 

1,  a  constant  retardation  or  cessation  of  the  coagulability  of  tlie  blood; 

2,  usually  circumscribed  or  diffuse  ruptures  of  vessels  along  the  course 
of  the  electric  current;  3,  sometimes  a  laceration  of  certain  organs; 
4,  usually  burns  at  the  points  of  entrance  and  exit  of  the  electric  cnr- 
rent.  The  effects  of  lightning  upon  the  skin  are  manifested  by  aD 
sorts  of  changes,  varying  from  a  simple  drying  of  the  epidermis  to  the 
severest  burns.  The  so-called  lightning-marks  upon  the  skin  are  well 
known.  They  consist  of  branching,  brownish-red  zigzag  Unes,  the 
formation  of  which  is  probably  connected  with  the  action  of  the  light- 
ning upon  the  blood.  The  colouring  matter  is  set  free  from  the  red 
blood-corpuscles  by  the  electrical  action  of  the  lightning,  and  in  tran- 
suding through  the  walls  of  the  capillaries  or  vessels  forms  marks 
which  correspond  to  the  distribution  of  the  affected  vessels  (RoUet). 
Haberda  explains  the  lightning- marks  by  a  paralysis  of  the  cutaneons 
vessels  resulting  from  the  electrical  action  of  the  lightning  upon  the 
nerves  of  the  vessels.  If  the  person  who  has  been  struck  by  lightning 
lives,  the  symptoms  vary.  The  condition  of  a  person  struck  by  light- 
ning is  often  precisely  the  same  as  in  concussion  of  the  brain.  Paraly- 
ses, dysphagia,  disturbances  of  sight,  and  other  nervous  phenomena  are 
also  observed.  Lightning  paralyses  have  in  general  a  favourable  prog- 
nosis. The  true  or  direct  paralyses  are  to  l)e  distinguished  from  those 
occurring  indirectly  from  haemorrhage.  In  the  true  lightning  paraly- 
sis two  stages  can  be  recognised  :  in  the  first  we  have  to  deal  with  i 
direct  injury  to  the  muscles  and  nerves  caused  by  the  lightning,  while 
in  the  second  we  have  the  picture  of  a  traumatic  neurosis  (see  page  285). 
Occasionally  large  vessels  are  ruptured,  followed  by  death,  and  now  and 
then  extremities  are  completely  severed  from  the  body.  From  a  med- 
ico-legal point  of  view  it  is  of  importance  that  the  copper  coins,  for 
example,  in  the  pocket  of  a  person  struck  by  lightning,  can  be  fused 
into  a  single  mass  (Kratter). 

Occurrence  of  Lightning  Strokes  in  Man.  — Sonnenburg  states  that  in  Pniir 
sia,  from  1854  to  1857,  according  to  tlie  official  statistics,  five  hundred  and 


eleven  individuals  were  struck  by  liglitning,  and  72.25  per  cent,  of  the  cases 
were  fatal.  The  great  majority  of  the  iudividuals  affected  were  struck  while 
at  work  in  the  fields.  The  statistics  of  Boudin  show  that  in  France,  from 
1835  to  1864.  2,324  people  were  struck  by  lightning.  During  the  American 
ciyil  war,  iu  the  summer  of  111164,  the  lightning  struck  among  the  Eighteenth 
Missouri  Regiment,  which  was  encampiedona  hill,  and  knocked  down  an  en- 
tire troop.  Almost  all  the  horses  and  eighteen  men  were  killed,  and  all  the 
rest  were  more  or  less  injured.  When  a  row  of  men  or  animals  is  struck 
by  lightning  the  first  an<l  last  in  the  row  ap|)ear  to  be  the  most  endangered. 
It  is  noticeable,  as  Sonneuburg  has  correctly  remarked,  that  bodies  of  troo)>s 
on  the  march  have  only  seldom  been  struck  by  lightning. 

Treatment — The  treatment  of  lightning  strokes,  jiartictilarly  of  the 
constitutional  symptoms,  is  purely  symptomatic.  Heeuficitatory  meas- 
nres  often  liave  to  he  resorted  to  in  the  form  of  rubbing  the  patient, 
artiticial  respiration,  etc.,  ami  these  are  eometiraes  followed  by  success 
only  after  a  comparatively  long  time.  The  treatment  of  the  bums  is 
just  the  same  as  descriljed  above.  If  any  paralyses  are  left  they  usu- 
ally disappear  entirely  under  electrical  treatment. 

8lUl-buriu.^ln  consequence  of  the  action  of  the  sun's  rays  upon  the  un- 
covered tjkiu  superficial  burns  are  produced.  These  occur  in  summer  time 
especially  in  tourists  and  mountaineers.  The  skin  becomes  red  and  swollen, 
feels  hot.  and  is  more  or  less  painful  (erythema  solare).  After  a  few  days 
the  burned  layer  of  epidermis  comes  off  iu  shreds  from  the  underlying  parts, 
Other  cases  present  u  tnore  ecsiemiitous  appearance,  with  the  formation  of 
blebs  (eczema  aritarf).  For  prophylaxis  againstt  sun-burns,  sun-shades  should 
be  carried  or  veils  worn,  etc.  People  with  irritable  skins  when  going  on 
mountain  tours  should  cover  the  exposed  parts  of  their  bodies  with  vaseline, 
or  uiigt,  litharg.  Hobne.  or  with  starch  powder.  The  bums  themselves,  as 
long  as  severe  pain  exists,  should  be  treated  with  applications  of  liq.  plumbi 
aubacelatis  dit.  and  ice,  or  with  uiigl.,  litharg.  Hehrte  or  vaseline,  and  then 
powdfrtnl  with  zinc  oxide  and  starch  (1  to  3  to  10). 

Son-stroke  or  Heat-stroke. — We  liave  yet  to  consider  the  so-called 
Bun-8troke  or  heat-stroke  {I'uiaiUition).  This  is  essentially  an  overheat- 
ing of  the  body,  ami  often  terminates  very  quickly  in  death,  particu- 
larly in  hot  climates;  but  the  affection  is  frequently  seen  in  summer 
even  in  our  latitudes,  esjjecially  among  young  soldiers  who  have  to 
take  long  marcties  in  very  hot  weatlier.  From  the  experiments  of 
Krirtliaber,  Schleich,  and  others,  we  know  that  the  temperature  of  a 
mun's  body,  by  immersion  of  the  latter  in  a  hot  medium,  can  be  made 
to  rise  very  rapidly,  reiw-hing,  for  example,  40°  to  41°  C.  (HM"  to 
103.8°  F,  I  in  thirty  to  Hixty  minutes.  IiuHvidualB  thus  treated  become 
restlcsis,  the  respiration  gets  very  fretiuent,  the  pulse  rises  to  Wo  or  IW, 
the  prixluction  of  urea  is  increased,  etc.  The  marked  rise  in  tempera- 
ture observed  in  individuals  who  have  been  sun-struck  coincides  with 
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these  experiments.    In  a  case  which  terminated  fatally,  Baumler 

the  temperature  of  the  patient  to  be  42.9®  C.  (109.4**  F.)  one  hour      ^ 

his  reception  into  the  hospital. 

The  symptoms  exhibited  in  sun-stroke  or  heat-stroke  are  very  ciar- 
aeteristic.  The  face  is  red,  the  respiration  rapid  and  sighin^^  the 
heart's  action  is  very  rapid,  and  the  pupils  are  dilated.  The  patient  is 
unconscious,  delirious,  and  convulsions  often  occur.  Death  takes  place 
in  collapse,  sometimes  very  suddenly.  In  other  cases  the  course  is  not 
so  acute ;  symptoms  of  collapse  are  then  especially  prominent,  from 
which  the  patient  may  recover  entirely.  The  decreased  secretion  of 
sweat  which  is  noticeable  in  insolation  is  important,  especially  as  re- 
gards the  treatment.  At  first  the  secretion  of  sweat  is  verj^  mnch 
increased  in  individuals  who  work  or  march  in  very  hot  weather,  or 
with  the  sun  beating  directly  upon  the  head ;  but  later  it  is  diminished, 
probably  as  a  result  of  the  diminution  of  the  amount  of  water  in  the 
blood,  and  then  the  above-described  symptoms  of  sun-stroke  make  their 
appearance.  As  a  result  of  the  diminution  in  the  production  of  sweaty 
the  loss  of  heat  by  evaporation  becomes  so  much  diminished  that  the 
heat  balance  is  disturbed,  and,  in  consequence  of  the  increased  reten- 
tion of  heat,  the  temperature  of  the  body  rises  more  or  less  rapidlj 
above  the  normal,  even  to  a  fatal  height  (Cohnheim).  The  albuminoA 
as  well  as  the  heemoglobinuria  sometimes  coming  on  in  horses,  for  ex- 
ample, after  severe  sweating,  are  ascribed  by  Maas  to  the  changes  in 
the  blood,  especially  in  the  serum  albumen  and  the  red  blood-corpiM" 
cles,  due  to  the  great  loss  of  water. 

The  cause  of  death  in  sun-stroke  or  heat-stroke  is  partly  the  over- 
heating of  the  body  and  partly  the  great  loss  of  water  from  the  bodj, 
or  the  alteration  in  the  composition  of  the  blood. 

Occurrence  of  Son-stroke. — Meyer  has  recently  reported  a  great  number 
of  sun-strokes  affecting  h&rvest  labourers  almost  like  an  epidemic  in  the  sum- 
mei^s  of  1873  aud  1880.    He  ascribes  death  to  cardiac  paralysis,  due  to  the  in- 
creased temperature  of  the  body  and  to  an  alteration  in  the  blood  which  he 
considers  ura.Miiic.     He  distinguishes  three  stages  of  the  disease :  a  prodromal 
stage,  a  stage  of  excitement,  and  a  stage  of  depression.     Among  the  nume^ 
ous  cases,  only  one  terminated  fatally  from  meningitis  and  bilateral  pneu- 
monia.    American  physicians  have  also  described  regular  epidemics  of  sun- 
stroke.    In  many  campaigns  sun-strokes  have  formed  a  considerable  part  of 
the  diseases  and  deaths.     As  Sonnenburg  mentions,  the  Crusaders  appear  to 
have  suffered  especially  large  losses  by  sun-stroke  and  heat-stroke.    On  the 
marcli  through  Bith ynia  and  Phrygia,  in  July,  1099,  five  hundred  men  oftett 
perished  on  a  single  day  from  sun-sti»oke.     During  the  American  war  of 
secession  (1861-'64)  tliere  were  seventy-two  hundred  sun-strokes,  with  thrrt 
hundred  and  nineteen  deaths.     As  a  result  of  a  forced  march  during  very 
hot  weather  in  1848,  Sonnenburg  states  that  in  the  Nineteenth  IidantiX 


Regiment  of  the  German  army  twenty-nine  men  died.  It  is  a  jiarticularly 
fatal  mistake  to  keep  soldiers,  wlijle  manoeuvring  or  on  tlie  march,  from 
drinking  water 

Treatment  of  Snn-itroke. — It  is  my  l)elief  that  the  treatment  of  sun- 
stroke or  heat-etroke  is  dependent  upon  the  laet-mentionetl  facts. 
For  propliylactic  reasons,  it  shouW  lie  stateil  that  the  withholding  of 
drink  increases  the  danger  of  insolation.  Hence  a  regular  supply  of 
water  to  individuals  while  at  work  or  on  the  march  is  to  be  regarded, 
to  a  certain  extent,  as  a  protection  against  sun-stroke.  When  the 
dreaded  accident  of  sun-stroke  has  occurred,  our  efforts  should  be  di- 
rected towards  lowering  the  temperature  of  the  body,  atininlatiug  the 
seeretidu  of  sweat,  and  combating  the  weakness  of  the  heart.  We 
try  to  meet  these  indications  by  cold  applications  and  cold  baths;  by 
introducing  large  quantities  of  water  into  the  stomach  and  intestinal 
canal ;  by  the  administration  internally  of  stimulants,  particularly  alco- 
hol ;  by  subcutaneous  injection  of  etiier  and  camphor,  and  by  keeping 
the  pfttieiit  as  quiet  as  possible.  Many  authorities  have  opposed  tlie 
energetic  use  of  cold  applications,  cool  baths,  etc.,  and  advocate  warm 
baths  and  warm  rubbing.  I  believe  that  in  sun-strokes  as  vigorous  an 
attempt  as  possible  should  be  made  to  lower  the  temperature  of  the 
body  by  cold  applications,  and,  when  feasible,  by  cool  baths,  ^'ene6ee- 
tion  should  not  be  employed;  it  is  useless,  and,  in  fact,  usually  causes 
marked  collapse. 

g  91.  Effects  of  Cold  (Freemg). — Tltere  are  nsaally  distinguished,  as 
in  burns,  three  difierent  degrees  in  the  effects  of  cold  upon  the  skiu. 
The  first  degree  is  characterised  by  a  superficial,  erythematous  infiam- 
mation,  the  second  by  the  formation  of  blebs,  and  the  third  by  eschar 
formation.  The  peripheral  portions  of  the  body — the  toes  and  fin- 
gers, the  feet  and  hands,  the  nose  and  ears — are  especially  exposed  to 
the  danger  of  freezing. 

Bymptoms  of  Freezing. — In  cases  of  freezing  there  usually  occflrs, 
in  the  first  place,  a  contraction  of  the  cutaneous  vessels,  ia  coiiseijuence 
of  which  the  affecteil  skin  area  apjieai-s  pale,  and  in  many  individu- 
als corpse-like,  particularly  when  the  fingers  are  involved  ;  this  is  often 
a  result  of  the  action  of  a  very  slight  amount  of  Cold.  After  the  tirst 
contraction  of  the  vessels  there  follows  a  dilatation  throughout  the 
affectetl  area ;  the  latter  takes  on  a  deep  red  colour,  and  a  more  or 
less  pronounced  swelling  develops,  which  causes  an  itching  or  burn- 
ing sensation.  Severe  pains  may  also  occur,  especially  when  the  frozen 
parts  are  rapidly  warmed.  In  the^V*^  degree  of  freezing  this  inHam- 
ma/ory  redness  and  swelling  disappear  jrermanently  within  a  few  days. 
But  not  infret^uently  the  frozen  area  of  skin  has  a  tendency  to  become 
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affected  by  a  constantly  recurring  redness,  particalarly  the  ekia  o-^ 
Dose,  ears,  toes,  and  fingers.     It  may  even  happen  that  each  catanew 
areas,  especially  the  point  of  the  noi^e,  may,  in  consequence  of  a  soit    j 
of  vascular  paralysis,  remain  red  throughout  life.     The  so-calW  chil- 
blains {peniiwies)  come  from  a  repeated  slight  freezing  of  the  fingtra     ' 
and  tues.     The  exten:^o^  surfaces  especially  become  the  seat,  in  mA     i 
eases,  of  a  dark  or  bluish-red  swelling,  which  has  a  tendency  to  ulcer- 
ate, and  the  patient  is  annoyed  by  severe  itching  and  burning,  particu- 
larly in  bed,  during  the  change  from  cold  to  thawing  weather,  and  in 
summer.     Individuals  who  have  to  change  constantly  from  cold  to  hot 
atmospheres  are  very  apt  to  suffer  from  chilblains.     Women,  and,  u 
a  general  thing,  anteraic  people,  appear  to  be  most  susceptible  to  th«« 
mild  degrees  of  freezing.  ! 

In  a  frost-bite  of  the  second  degree  the  affected  area  of  skin  assume) 
a  deep  red  or  bluish  colour  and  is  covered  vrith  blebs.  In  such  caee«it 
is  a  matter  of  great  un- 
certainty as  to  whether 
there  will  finally  occet 
a  complete  reatilulu)  d 
integrum,  or  whether  w 
do  not  have  to  deal  with 
a  frost-bite  of  the  thiri 
degree,  with  its  temiini- 
tion  in  eschar  formation 
or  in  gangrene.  Speak- 
ing generally,  the  prog- 
nosis of  the  second  de- 
gree of  frost  -  hite  a 
much  more  nnfavonri- 
hie  than  is  the  case  widi 
bums.  Whenever  bleli 
develop  after  a  frost-bite 
there  will  follow  in  the 
majority  of  cases  a  gangrene  of  greater  or  less  depth.  It  is  very 
suspicious,  in  such  cases,  when  the  absence  of  sensibility  pereists  for 
several  days,  and  when  the  area  of  skin — apart  from  the  blebe— appears 
to  be  almost  normal.  In  the  pronounced  cases  of  freezing  of  the  third 
degree  terminating  in  mortification  of  the  affected  tiasnes  the  paitt 
involved  are  usually  entirely  devoid  of  sensation,  of  a  dark  blue  coloar, 
and  covered  with  hlehs  and  scabs ;  there  is  no  circulation,  as  the  prick 
of  a  needle  draws  no  blood.  The  gangrene  may  be  either  of  the  drj 
or  the  moist  variety,  depending  upon  the  amount  of  evaporation  of  the 
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dead  tissae.  I  saw  a  case  of  freezing  involving  both  feet  and  legs,  in 
a  deserter  who  had  wandered  many  days  in  the  forest  during  extreme 
cold  with  insaf&cient  clothing;  both  legs  were  amputated  and  the 
patient  recovered.  When  extremities  are  entirely  frozen  like  this, 
partd  of  the  toes  can  be  broken  off  through  the  joints,  like  glass.  The 
bistological  changes  in  freezing  consist  in  a  marked  inflammatory 
reaction  combined  with  different  retrogressive  changes,  and  the  forma- 
tion of  hyaline  and  fibrinous  thrombi  in  the  vessels ;  these  thrombi  are 
probably  the  chief  cause  of  the  gangrene  (Recklinghausen,  Kriege). 

Effect  of  Cold  upon  the  Body. — The  constitutional  effect  of  cold  upon 
the  human  organism  is  a  maj^ter  of  great  interest.  If  an  individual  is 
placed  in  a  cold  medium,  he  will  lose  heat  the  more  rapidly  the  lower 
the  temperature  of  the  medium  and  the  quieter  he  remains.  As  long 
as  a  person  is  in  a  position  to  perform  active  movements  he  can  suc- 
cessfully withstand  severe  degrees  of  cold,  such  as  —  42®  to  —  45°  C. 
(.430  to  -49®F.). 

It  is  not  known  at  what  temperature  man  ceases  to  live.  Tempera- 
tares  of  24**  to  26**  C.  (75.2**  to  78.8°  F.)  in  the  rectum  have  been 
repeatedly  recorded  during  the  winter  time  in  drunken  people  who 
afterwards — ^generally  within  a  few  hours — completely  recovered. 
Cohnheim  believes  that  a  complete  and  rapid  recovery  is  doubtful  when 
the  temperature  in  man  goes  down  to  20°  to  18°  C.  (68°  to  64.2°  F.). 
The  symptoms  manifested  by  man  correspond  entirely  with  those 
obtained  by  animal  experimentation.  When  a  person  becomes  very 
cold  there  is  a  pronounced  apathy  and  sleepiness,  the  pulse  and  respira- 
tion are  slow,  and  the  pupils  are  widely  dilated  and  react  sluggishly. 
Adolph  Schmidt  found  in  the  blood  of  a  frozen  person  large  numbers 
of  hemoglobin  crystals.  The  haemoglobin  was  in  the  form  of  para- 
hffimoglobin,  an  insoluble  modification  of  haemoglobin.  Death  from 
freezing  is  favoured  by  diminished  muscular  movement.  According 
to  Sonnenburg,  thirty-six  per  cent,  of  those  who  are  frozen  are  drunk 
•t  the  time. 

Ezperiments  in  the  Bednction  of  the  Temperature  of  Animals.— Walther, 
Howarth,  and  Cohnheim,  experimenting"  with  animals,  have  studied  the 
oonsequenees  of  cooling  off  the  organism.  If  a  rabbit  or  a  small  dog"  is  im- 
njereed  to  the  neck  in  water  at  a  temperature  of  about  0**  C,  or  placed  in  a 
«Dall  vessel  surrounded  by  a  coolinff  mixture,  in  which  movement  is  iuipos- 
•ible.  the  temperature  gradually  sinks.  If  the  animal  is  kept  in  tlie  cold 
medium  until  the  rectal  temperature  becomes  18*  to  20**  C.  (08°  F.),  as  a  result 
irf  this  cooling  oflp  a  general  paralytic  condition  becomes  evident.  The  ani- 
oal  is  no  longer  able  to  stand  on  its  legs,  and  lies  as  thougli  dead,  tlie  con- 
ractions  of  the  heart  are  weak  and  slow  (16  to  20  beats  in  the  minute),  the 
«queucy  of  respiration  is  also  diminished,  peristalsis  of  the  intestine  ceases^ 
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and  the  urinary  bladder,  though  filled  to  distention,  is  not  emptied.  The  eyes 
are  widely  opened,  the  cornea  shows  almost  no  reaction,  and  the  pupils  are 
very  widely  dilated  and  almost  entirely  insensitive  to  light  If,  afta*  the  ani- 
mal has  been  cooled  down  to  a  temperature  of  18**  C.  (64.4*  F.),  he  is  allowed 
to  remain  in  the  cold  medium  still  longer,  death  usually  soon  occurs  in  the 
majority  of  cases  from  cardiac  paralysis.  Animals  whose  temperature  has 
been  reduced  to  18"  C.  ordinarily  die  when  allowed  to  lie  quietly  at  room 
temperatures ;  but  their  temperature  will  again  rise  to  the  normal  if  they  are 
placed  in  a  hot  medium — for  example,  in  a  vessel  at  a  temperature  of  40°  C. 
(104°  F.).  At  first  the  temperature  rises  very  slowly  to  about  30°  C.  (86°  F.), 
and  then  more  rapidly ;  within  about  two  to  three  hours  the  temperature  of  the 
animal  rises  f  ix>m  18°  to  39°  C.  (64.4°  to  102°  F.).  The  chilled  animal  can  also 
be  made  to  become  warm  again  by  artificial  respiration.  As  the  temperature 
of  the  body  rises  the  general  paralytic  condition  disappears,  the  activity  of  the 
heart  and  hings  increases,  intestinal  ])eristalsis  reappears,  the  urinary  bladder 
is  emptied,  and  finally  the  brain  regains  its  function  and  the  animal  is  again 
full  of  life.  But  many  of  these  animals  die  later  on  after  they  have  re- 
covered their  normal  temperature,  and  occasionally  such  animals  are  even 
subject  to  elevations  of  temperature  with  subsequent  pronounced  ema- 
ciation. 

According  to  Catiano,  death  from  freezing  is  due  essentially  to  cerebral 
ana3mia  with  secondary  paralysis  of  the  respiratory  nerves. 

Treatment  of  Preeziiig. — In  treating  the  mildest  grade  of  frost-bite 
the  affected  part  should  not  be  warmed  too  rapidly,  but  should  be  rubbed 
with  snow  or  ice  water  and  then  wrapped  in  wet  cloths.  A  great 
number  of  remedies  have  been  suggested  for  chilblains.  It  is  always 
important  to  attend  to  the  general  condition  of  individuals  with  i 
tendency  to  chilblains,  and,  as  a  prophylactic  measure,  to  recommend 
warm  coverings  for  the  hands  and  feet  when  the  cold  period  of  the 
year  comes  on.  When  chilblains  are  present  we  try  rubbing  the 
parts  wuth  snow  and  ice  water,  ice  poultices,  a  foot  bath  of  ice  water 
followed  by  the  application  of  wet  cloths,  painting  the  parts  with  col- 
lodion, traumaticin,  glue,  enveloping  them  with  strips  of  adhesive 
plaster,  the  application  of  tinct.  iodi.  followed  by  a  warm,  moist  poul- 
tice, mild  caustics,  such  as  dilute  hydrochloric  acid  (1  to  25  or  30  of 
water),  tinct.  cantharid.,  etc.  Various  kinds  of  salves  have  been  recom- 
mended. Excoriated,  ulcerated  frost-bites  are  best  treated  with  iodo- 
form or  zinc  oxide  and  starch,  or  with  ungt.  litharg.  Hebrse  (ungt- 
diachylon),  with  or  without  starch,  and  oxide  of  zinc.  Boeck  recom- 
mends for  chilblains,  when  the  skin  is  not  eroded  or  ulcerated,  appli- 
cations with  the  brush  of  ichthyol,  resorcin,  tannin,  fiS  1.0,  with  aqW» 
5.0.  This  is  applied  at  night,  and  if  the  skin  is  tender  it  is  covered 
with  mull.  Massage  is  sometimes  useful  in  chilblains.  For  red  noett 
following  frost-bite  I  should  recommend  punctures  made  not  too  deep 
with  the  needle  point  of  the  Paquelin  cautery,  or  the  galvano-canten, 
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which  causes  the  redtiees  to  disappear  \\'ithout  giving  rise  to  a  visi- 
ble aear. 

Ill  cuBes  of  extentiive  and  deep  freezing  of  the  second  and  third 
degree  involving  au  extremitj,  vertical  Buspeneiou  of  the  limb  ehould 
be  immediately  employed  to  facilitate  the  restoration  of  the  circulation 
in  the  frozen  parts.  Wet  applications  may  be  combined  with  the  ele- 
vated position  to  stimulate  the  local  vasomotor  ganglia.  If  there  is 
necrosis  of  the  tissues,  antiseptic  dressings  with  iodoform,  or  with  iodo- 
form and  charcoal,  naphthaline,  etc.,  or  antiseptic  continuous  irrigation 
should  be  nsed  as  for  bnrnB.  If  the  frozen  surface  is  very  large  the 
permanent  water  lath  ehould  be  emphiyed  (see  page  IS'Ji.  If  gan- 
grene of  an  extremity  develops,  amputation  or  disarticulation  should 
not  he  undertaken  prematurely,  but  antiseptic  treatment  should  Ije 
kept  up  until  the  line  of  demarcation  has  become  distinct.  Spread- 
ing in&ammatioD  and  suppuration  are  to  be  combated  by  multiple 
incisions,  etc. 

-  The  treatment  of  freezing  of  the  entire  body  is  as  follows :  In  the 
first  place,  the  i>erson  who  has  been  frozen  must  not  l>e  warmed  too 
suddenly,  lie  should  be  carried  into  an  unhealed  room,  rnbl>ecl  with 
cold  wet  cloths,  and  then  placed  in  a  bath  at  a  temperature  of  16° 
to  18°  C.  (60.8"  to  i)iA°  F.),  which  is  gradual Iv— within  two  to  three 
hours^brought  up  to  30"  C.  (SO"  F.).  It  is  often  necessary  and 
always  very  useful  to  perform  artificial  respiration.  Ether  and  cam- 
phor are  given  subcutaneously,  and,  as  soon  as  the  patient  can  swallow, 
alcoholic  stimulants  are  freely  administered.  Wrapping  the  extremi- 
ties in  cold  wet  cloths  is  excellent  for  the  severe  pains  in  the  limlw 
which  occur  as  tlie  patient  returns  to  life.  Bergmann  and  Reyher  rec- 
ommend suspension  of  the  frozen  extremities  at  the  earliest  possible 
moment,  to  limit  the  gangrene.  There  should  be  no  hesitation  in 
applying  vertical  extension  to  all  fonr  extremities. 

§  9%  BubcntaneouB  Injuries  of  Soft  Parts, — The  most  common  and 
important  subcutaneous  injury  which  the  soft  parts  suffer  is  contusion. 
It  usually  results  from  a  bruising  or  crushing  produced  by  some  blunt 
object,  by  a  thrust,  blow,  or  fall.  The  soft  parts  are  either  s^pieezed 
together  as  a  whole,  or  pressed  against  a  neighbouring  lione.  The  de- 
gree of  the  crush,  of  course,  varies  all  the  way  from  a  slight  blootly 
discoloration,  a  bloody  suffusion  or  suggilation,  to  a  crushiug  of  the 
Iwnes  and  soft  parts  into  a  pulpy  mass.  In  many  individuals,  such  hs 
the  so-called  bleeders  (see  piige  6:*),  a  comparatively  large  effusion  of 
blood  not  infre<]uently  fullows  a  trifling  eontnsion  of  the  tissues.  Fur- 
thermore, s|>ontaneous  subcutaneous  btemorrhages  are  not  uncommon 
kin  bleeders. 
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The  different  soft  tissues  of  the  body  possess  a  very  aneqaal  po^ 
of  resisting  a  contusing  force.     As  Gussenbauer^s  experiments  te^ 
and  as  daily  experience  proves,  the  loose  connective  tissue  and   tb 
small  vessels  and  capillaries  it  contains  have  the  least  powers  of  re&st. 
ance.     The  skin,  the  fascia,  the  tendons  and  larger  vessels  exhibit  a 
remarkable  resistance  to  the  eflFects  of  a  contusing  force.     In  general, 
two  degrees  of  contusion  can  be  distinguished,  the  first  being  the  con- 
tusion with  preservation  of  the  affected  parts,  and  the  second  with  their 
destruction  (mortification,  necrosis). 

Symptoms  of  Contusion. — The  most  important  of  the  symptoms  of  a 
contusion  of  the  subcutaneous  tissues  is  hosmorrhage.  In  the  majority 
of  cases  the  extravasated  blood  comes  from  tlie  capillaries  and  veins, 
the  arteries  possessing  great  powers  of  resistance  to  violence  inflicted 
by  a  blunt  object.  As  a  result  of  the  laceration  of  the  lymph  vessels, 
there  is  also  an  extravasation  of  lymph,  and  it  sometimes  happens 
that  the  extravasation  is  made  up  mostly  of  lymph.  This  lymph  ex- 
tra vasate  may  form  a  fluctuating  tumour,  and  usually  is  made  up  of  a 
citron-yellow  or  a  slightly  reddish-coloured  fluid  having  the  compo- 
sition of  lymph  or  blood  serum.  According  to  Gussenbauer,  these 
lymph  effusions  are  particularly  apt  to  occur  when  the  skin  is  moie 
or  less  displaced  by  a  traumatism  from  its  position  in  relation  to  the 
underlying  parts.  This  displacement  causes  a  laceration  of  the  Ijm- 
phatic  vessels  which  permeate  the  subcutaneous  cellular  tissue.  The 
lymph  effusions  are  consequently  usually  located  in  the  subcutaneous 
cellular  tissue.  As  a  general  thing,  the  lisemorrhage  in  subcutaneous 
injuries,  even  when  large  vessels  are  ruptured,  is  not  dangerous,  and, 
for  the  most  part,  soon  stops  in  consequence  of  the  rapid  coagulation 
which  usually  follows  contusions.  The  extravasated  blood  is  either 
evenly  distributed  throughout  the  contused  tissues  as  a  hsemorrbagic 
infiltration,  or  it  forms  small,  circumscribed  collections  which  are 
called  ecchymoses  or  suggilations.  The  larger  collections  of  blood 
are  called  li«ematomata  ;  suffusions,  on  the  other  hand,  designate  more 
superficial,  large,  spread -out  collections  of  blood.  The  extravasated 
blood  distributes  itself  through  the  tissues  in  the  direction  of  least 
resistance,  especially  between  the  fasciculi  of  connective  tissue,  l)etweeB 
the  muscles,  in  the  subcutaneous  cellular  tissue,  etc.  If  the  bleedinj: 
takes  place  into  a  free  cavity,  a  bursa  or  a  joint,  or  into  one  of  the 
cavities  of  the  body,  a  large  collection  of  blood  may  result.  The  col- 
lections of  blood  in  the  cavities  of  the  body  have  their  special  nomen- 
clature, an  effusion  of  blood  into  a  joint  being  called  hsemarthros;  into 
the  pleura,  lia^iiiotliorax  or  hiiematothorax,  etc.  Other  blood  effuaon* 
have  likewise  received  particular  names,  according  to  the  locality  in 
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which  they  occur — for  example,  the  blood  tumour  on  the  head  of  a 
newborn  infant  is  called  a  cephalo-hsematoma ;  a  haemorrhage  into  the 
bnin,  an  apoplexy,  etc. 

The  haemorrhages  into  the  large  cavities  of  the  body  are,  of  course, 
dangerous,  and  are  not  infrequently  fatal,  partly  because  of  the  amount 
of  blood  poured  out,  which  has  been  able  to  escape  freely,  and  partly 
because  of  the  pressure  of  the  extravasation  upon  organs  such  as  the 
heart  or  brain,  which  are  necessary  for  the  preservation  of  life.  It  is 
veil  known  that  no  less  danger  attaches  to  hsemorrhages  into  the  brain 
itself,  the  so-called  apoplexies  by  which,  apart  from  other  disturbances, 
the  substance  of  the  brain  is  partially  destroyed,  and  rapidly  develop- 
ing paralyses  and  death  are  produced. 

As  the  larger  arteries  are  in  general  deeply  located  in  the  soft  parts, 
and  their  tough,  elastic  walls  are  not  easily  torn,  it  but  rarely  happens 
that  they  suffer  a  subcutaneous  rupture.  But  if  it  does  happen  as  a 
wsult  of  unusual  violence,  a  pulsating  tumour  may  be  formed — a  so- 
called  traumatic  aneurism  (§  95,  Aneurism).  When  the  extravasated 
blood  comes  from  an  artery  or  from  the  larger  veins  the  hydrostatic 
pressure  in  the  connective-tissue  spaces  usually  soon  rises  to  such  an 
extent  as  to  arrest  the  bleeding,  the  rupture  in  the  artery  being  closed 
by  a  coagnlum.  But  the  presence  of  pulsation  in  an  extravasation  of 
blood  does  not  in  all  cases  indicate  a  subcutaneous  injury  to  an  artery. 
Ihe  pulsation  may  be  only  apparent,  and  due  to  the  rise  and  fall  of  the 
more  or  less  tense  extravasation  caused  by  the  pulsation  of  the  under- 
lying uninjured  artery.  If  the  apparent  pulsation  of  a  tumour  is  com- 
municated from  an  adjoining  artery,  the  tumour  shows  no  increase  in 
lU  dimensions  with  each  systole,  but  only  in  a  direction  at  right  angles 
to  the  underlying  artery.  On  the  other  hand,  an  artery  may  have  re- 
wived  an  injury,  and  yet,  on  account  of  the  thickness  of  the  overlying 
layers  of  tissue,  it  will  be  impossible  to  detect  pulsation. 

The  recognition  of  extravasated  blood  when  the  haemorrhage  is 
nperficial  presents  no  difficulties.  The  haemorrhages  into  the  skin 
tod  subcutaneous  cellular  tissue  are  usually  seen  immediately.  Tn 
Rich  cases  the  skin  has  a  dark-red  or  violet  colour,  and  the  greater  the 
Ittemorrhage  the  more  extensive  is  the  doughy  and  fluctuating  tumour. 
Aa  a  result  of  the  distribution  of  the  colouring  matter  of  the  blood  in 
the  tissues  of  the  cutis,  there  occur  within  the  first  few  days  following 
Ihe  injury  various  shades  of  discoloration,  of  which  green,  dark  green, 
ind  yellow  usually  predominate ;  they  often  persist  a  week  or  so  as  a 
rmptom  of  the  contusion  which  the  skin  has  suffered.  The  larger 
\e  swelling  the  greater  is  the  subcutaneous  extravasation  of  blood. 
he  more  deeply  situated  extnivasations  in  the  extremities  cannot  be 
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reeogniBed  solely  by  iDepection ;  it  is  UBnally  ueceseary  to  make  use  of 
paipatiou  of  the  contused  soft  parts,  Aa  a  general  thing,  crushed  soft 
parte  are  rendered  hard  by  the  bloody  intiltration ;  they  are  thick- 
ened and  give  a  feeling  of  reeistanee.  In  the  worst  <legiee  of  contii- 
eiona,  on  the  other  hand,  such  as  those  in  whicii  the  soft  parts  and 
the  bones  are  crushed  to  a  pulp  by  the  wheel  of  a  heavy  wagon,  the 
affected  parts  are  changed  into  a  shajfclees  mass  devoid  of  circolation, 
with  or  without  preservation  of  the  cutaneous  coveruigs. 

The  comparatively  rare  extravasations  of  pure  lymph  are  distin- 
guished from  blood  extravasations  by  their  slower  increase  in  volume, 
by  the  absence  of  discoloration  of  the  skin,  and  of  all  the  other  symp- 
toms which  occur  as  a  result  of  the  coagulation  of  blood  and  of  the 
presence  of  the  colouring  matter  of  blood  in  the  tissues. 

Fever  in  Saboutaneous  Ii\jnhes. — Following  suijcutaneous  injuries  of 
tissue  there  will  sonietiuies  be  fever,  and  yet  there  will  be  no  symp- 
touiB  worth  speaking  of  which  indicate  either  inflammation  or  sup- 
puration ;  thus  in  subciitaneons  extravasations  of  blood  or  subcutaneous 
fractures  there  will  sometimes  be  an  elevation  of  temperature  to  10l° 
to  102°  F.,  or  even  as  high  as  lOi"  F.  The  cause  of  this  fever  is  to 
be  ascribed,  in  these  cases,  to  the  taking  np  of  the  jn'oducts  of  destruc- 
tion hi  the  tissues  by  the  circulating  fluids  of  the  body  (see  ^  ^2,  Fever). 

Id  addition  to  the  elements  of  the  blood  and  lymph,  ingredients  of 
the  contused  tifisues  are  also  taken  up  into  the  circulation,  especially 
fat,  which  may  enter  the  blood  and  lymph  vessels,  thus  causing  esten- 
flive  fat  emboli  in  the  hinga  and  brain.  Fat  emboli  are  particularly 
apt  to  occur  when  the  marrow  of  a  bone  is  injured,  as  in  a  fracture. 
When  we  come  to  the  latter  subject  these  emboli  will  be  diseussed 
more  fully. 

DiBtarbance  of  Fimotion, — The  disturbance  of  function  exhibited  by 
the  contnsed  soft  pails  varies  greatly  according  to  the  portion  of  the 
body  affected  and  the  degree  of  the  contusion.  A  contused  joint  in 
which  there  is  a  large  intra-articuiar  e-xtravasation  of  blood  naturally 
has  its  mobility  affected.  A  crushed  muscle  which  lias  suffered  com- 
plete rupture  will  be  unable  to  contract,  and  the  rupture  of  a  nerve, 
Buch  fts  a  mixed  nerve  in  an  extremity,  will  give  rise  to  a  paralysis  of 
the  muscles  which  it  supplies. 

The  pain  which  is  felt  in  a  contusion  at  the  moment  the  violence 
is  exhibited  varies  greatly  according  to  the  richness  of  the  nerve  supply 
in  the  affected  portion  of  the  body,  and  according  to  the  amount  of 
crushing  sustained  by  the  nerves.  If  from  the  effects  of  the  violence 
a  large  sensory  nerve  is  injured,  the  pain  at  the  moment  the  injury  is 
received  ia  very  severe,  and  the  person  who  has  been  injured  feels  the 
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pain  of  the  contusiou  not  only  at  the  point  where  the  injury  was  re- 
ceived, but  utiuully  all  along  the  course  of  the  nerve,  and  &o  at  points 
widely  removed  from  the  injury. 

BeaulU  of  the  Coatiuion  of  a  Nerve.— Concussion  of  the  nerve  sub- 
stance is  particularly  apt  to  occur  in  eontueiouB  of  the  skull.  When  a 
blow  is  received  on  the  head,  the  symptoms  of  concueeion  of  the  lirain 
{coidmotui  cerebri)  are  very  plain,  and  eventually  may  he  combined 
with  so-called  focal  symptoms  indicating  an  injury  to  some  particular 
part  of  the  brain,  or  with  symptoina  of  compression  from  extravasated 
blood  wliich  may  collect  l)etween  the  brain  and  the  skull  (see  llegional 
Surgery).  In  other  cases  the  symptoms  of  concussion  of  the  brain 
and  spinal  cord  are  produced  indirectly,  as  by  falls  ujwn  the  feet.  In 
the  same  way  a  concuasion  of  the  nervous  system  or  a  contm-ion  of 
a  nerve  due  to  an  injury  to  any  part  of  the  body  can  reflexly  affect 
the  central  nervous  system  to  such  h  degree  as  to  give  rise  to  the  set  of 
symptoms  known  as  shock  (sec  §  63). 

The  severity  of  the  injury  to  the  skin  is  of  the  greatest  importance 
as  regards  the  subsequent  course  of  the  contusion,  but  the  extent  of 
this  injury  cannot  always  be  determined  from  the  first.  The  severity 
of  the  injury  to  the  skin  depends  upon  the  shape  of  the  body  iuHicting 
the  contusion  and  the  force  with  which  it  acts,  and  upon  the  elasticity 
and  thickness  of  the  skin,  which  vary  in  different  portions  of  the  body 
and  in  different  indiviiluals. 

If  the  skin  is  contused  to  snch  an  extent  that  all  the  vessels  are 
ruptured  and  the  circulation  in  the  affected  area  is  stopped,  the  natural 
consequence  is  dehth  or  necrosis  of  the  tissues  thus  deprived  of  nutri- 
tion. An  area  of  skin  like  this  contains  no  blood,  and  none  flows 
when  an  incision  is  made  into  it,  and  no  pain  from  the  incision  will  be 
felt  by  the  patient.  Sometimes  an  apparently  dead  portion  of  skin  re- 
covers, the  circulation  becomes  establishes!  here  and  there,  and  then 
the  entire  thickness  or  the  entire  area  of  contused  skin  does  not  per- 
ish. The  subcutaneous  soft  parts  and  the  Ixtnes,  like  the  skin,  may 
also  suffer  a  priniury  necrosis  in  consequence  of  a  crushing  injury. 
There  is  another  kind  of  death  of  tissue  which  is  «twv»i(fiiri/  in  its 
nature  and  caused  by  the  inflammation  that  takes  place  after  the 
injurj'. 

If  the  integrity  of  the  skin  haa  l«en  preserved,  absorption  of  the 
subcutaneous  extravasation  of  blood  usually  takes  place  without  any 
particular  disturlmnce.  During  the  first  few  days  following  the  injury 
the  contnsed  skin  exhibits  the  characteristic  changes  which  take  place 
in  the  colouring  matter  of  the  hloo<l.  The  discoloration,  which  at  the 
outset  is  dark  blue  or  bluish  red,  bocomes  brownish,  dark  green,  green, 
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recognised  solely  by  inspection ;  it  is  usaallj  necessary  to  make  use  oi 
palpation  of  the  contused  soft  parts.  As  a  general  thing,  crushed  soft 
parts  are  rendered  hard  by  the  bloody  infiltration;  they  are  thick- 
ened and  give  a  feeling  of  resistance.  In  the  worst  degree  of  conta- 
sions,  on  the  other  hand,  such  as  those  in  which  the  soft  parts  and 
the  bones  are  crushed  to  a  pulp  by  the  wheel  of  a  heavy  wagon,  the 
affected  parts  are  changed  into  a  shapeless  mass  devoid  of  circulation, 
with  or  without  preservation  of  the  cutaneous  coverings. 

The  comparatively  rare  extravasations  of  pure  lymph  are  distin- 
guished from  blood  extravasations  by  their  slower  increase  in  volume, 
by  the  absence  of  discoloration  of  the  skin,  and  of  all  the  other  avmp- 
toms  which  occur  as  a  result  of  the  coagulation  of  blood  and  of  the 
presence  of  the  colouring  matter  of  blood  in  the  tissues. 

Fever  in  Subcutaneous  Izguriea. — Following  subcutaneous  injuries  of 
tissue  there  will  sometimes  be  fever,  and  yet  there  will  be  no  symp- 
toms worth  speaking  of  which  indicate  either  inflammation  or  sup- 
puration ;  thus  in  subcutaneous  extravasations  of  blood  or  subcutaDeoos 
fractures  there  will  sometimes  be  an  elevation  of  temperature  to  lUl° 
to  102°  F.,  or  even  as  high  as  104°  F.  The  cause  of  this  fever  is  to 
be  ascribed,  in  these  cases,  to  the  taking  up  of  the  products  of  destmc- 
tion  in  the  tissues  by  the  circulating  fluids  of  the  body  (see  §  62,  Fever). 

In  addition  to  the  elements  of  the  blood  and  lymph,  ingredients  of 
the  contused  tissues  are  also  taken  up  into  the  circulation,  especially 
fat,  which  may  enter  the  blood  and  lymph  vessels,  thus  causing  exten- 
sive fat  emboli  in  the  lungs  and  brain.  Fat  emboli  are  particnlarlj 
apt  to  occur  when  the  marrow  of  a  bone  is  injured,  as  in  a  fracture. 
When  we  come  to  the  latter  subject  these  emboli  will  be  discussed 
more  fully. 

Disturbance  of  Function. — The  disturbance  of  function  exhibited  by 
the  contused  soft  parts  varies  greatly  according  to  the  portion  of  the 
body  aflEected  and  the  degree  of  the  contusion.  A  contused  joint  in 
which  there  is  a  large  intra-articular  extravasation  of  blood  naturally 
has  its  mobility  aflFected.  A  crushed  muscle  which  has  suflFered  com- 
plete rupture  will  be  unable  to  contract,  and  the  rupture  of  a  nerve, 
such  as  a  mixed  nerve  in  an  extremity,  will  give  rise  to  a  paralyos  of 
the  muscles  which  it  supplies. 

The  pain  which  is  felt  in  a  contusion  at  the  moment  the  violence 
is  exhibited  varies  greatly  according  to  the  richness  of  the  nerve  supply 
in  the  affected  portion  of  the  body,  and  according  to  the  amount  of 
crushing  sustained  by  the  nerves.     If  from  the  effects  of  the  violence 
a  large  sensory  nerve  is  injured,  the  pain  at  the  moment  the  injur;  i 
re(*eived  is  very  severe,  and  the  person  who  has  been  injured  feels  ib 
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pttin  of  the  contusion  not  only  at  the  point  where  the  injury  was  re- 
eeived,  but  usually  all  along  the  course  of  the  nerve,  and  so  at  points 
widely  removed  from  the  injury. 

Senilts  of  the  Contusion  of  a  Herve. — Concussion  of  the  nerve  sub- 
stance is  particularly  apt  to  occur  in  contusions  of  the  skull.  When  a 
blow  is  received  on  the  head,  the  symptoms  of  concussion  of  the  brain 
{commotio  cerebri)  are  very  plain,  and  eventually  may  be  combined 
with  80-called  focal  symptoms  indicating  an  injury  to  some  particular 
part  of  the  brain,  or  with  symptoms  of  compression  from  extravasated 
blood  which  may  collect  between  the  brain  and  the  skull  (see  Regional 
Surgery).  In  other  cases  the  symptoms  of  concussion  of  the  brain 
and  spinal  cord  are  produced  indirectly,  as  by  falls  upon  the  feet.  In 
the  same  way  a  concussion  of  the  nervous  system  or  a  contusion  of 
8  nerve  due  to  an  injury  to  any  part  of  the  body  can  reflexly  affect 
the  central  nervous  system  to  such  a  degree  as  to  give  rise  to  the  set  of 
fivnjptoms  known  as  shock  (see  §  63). 

The  severity  of  the  injury  to  the  skin  is  of  the  greatest  importance 
as  regards  the  subsequent  course  of  the  contusion,  but  the  extent  of 
thig  injury  cannot  always  be  determined  from  the  first.  The  severity 
of  the  injuiy  to  the  skin  depends  upon  the  shape  of  the  body  inflicting 
the  contusion  and  the  force  with  which  it  acts,  and  upon  the  elasticity 
and  thickness  of  the  skin,  which  vary  in  different  portions  of  the  body 
and  in  different  individuals. 

If  the  skin  is  contused  to  such  an  extent  that  all  the  vessels  are 
ruptured  and  the  circulation  in  the  affected  area  is  stopped,  the  natural 
consequence  is  dekth  or  necrosis  of  the  tissues  thus  deprived  of  nutri- 
tion. An  area  of  skin  like  this  contains  no  blood,  and  none  flows 
when  an  incision  is  made  into  it,  and  no  pain  from  the  incision  will  be 
felt  by  the  patient.  Sometimes  an  apparently  dead  portion  of  skin  re- 
covers, the  circulation  becomes  established  here  and  there,  and  then 
the  entire  thickness  or  the  entire  area  of  contused  skin  does  not  per- 
ish. The  subcutaneous  soft  parts  and  the  bones,  like  the  skin,  may 
ako  suffer  a  primary  necrosis  in  consequence  of  a  crushing  injury. 
There  is  another  kind  of  death  of  tissue  which  is  Hccondartj  in  its 
nature  and  caused  by  the  inflammation  that  takes  place  after  the 
injury. 

If  the  integrity  of  the  skin  has  been  preserved,  absorption  of  the 
nbcutaneous  extravasation  of  blood  usually  takes  place  without  any 
Articular  disturbance.  During  the  first  few  days  following  the  injury 
ie  contused  skin  exhibits  the  characteristic  changes  which  take  place 
I  tlie  colouring  matter  of  the  blood.  The  discoloration,  which  at  the 
iteet  is  dark  blue  or  bluish  red,  becomes  brownish,  dark  green,  green, 
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and  finally  yellow ;  the  yellow  stain  often  persists  for  weeks  or  i 
Occasioually  the  areas  of  discoloared  skin  are  very  esteneive. 

Abnrptloa  of  the  Blood  EzEraTantion.— The  extravaaated  blot 
Borbed  as  follows :  First  ttie  fluid  portion  of  the  coa^ulum  is  taket 
carri^  off  by  the  ij-mphatic  vessels,  and  then  the  fibrinous  portion  1 
liquefied  and  is  likewise  absorbed  bj  the  lymphatics.  Some  of  the  cc 
blood-corpuscles  disintegrate  when  coagulation  takes  place,  while  otl 
forced  out  of  the  clot  as  it  coagulates,  or  leave  it,  according  to  Cobnl 
spontaueous  locomotion.  The  chief  interest  in  the  resorption  of  extn 
blood  centres  uiwn  the  fate  of  the  red  btood-corpuscles.  Many  i 
get  into  the  lymph  chann 
are  carried  by  the  lymph  cu 
the  nearest  lymphatic  glandi 
they  occasionally  accumulate 
numbers  as  to  cause  marked  i 
of  the  frlands  ar  d  to  make  a 
of  the  r  pure  chvn  a  pre^i  I 
ly  d  str  buted  dark  red  ap)> 


Fio.  SB3.— t'olluflion  of  blooJ  in  ■  ntropcrito- 
oeul  lyuiiili  ^lun<t  resultiN);  from  a  nubvu- 
tanuoiu  lai-eratioQ  and  coutiwion  of  the 
psoiu  muscle  vith  fraccun]  of  die  pelvis. 


I  found  til  a  case  of  fractured  pelvis,  with  a  subcutaneous  rupture  a 
tusiou  of  the  [Hwa-s  muscle,  a  very  extensive  collection  of  red  blood- 
the  retroperitoneal  lynipli  glands  (Fig.  368).  Similar  accumulatioui 
blood-corpuscles  or  of  blood  pigment  (Fig.  364)  were  also  (jresent  i 
organs.  particuUrly  the  liver.  These  observations  show  that  red  bli 
puMrlex  ai-e  takitii  up  in  great  numbers  by  the  lymph  channels  and  ei 
cir(ti(lation.  Another  portion  of  the  red  corpuscles  disappear  in  i 
gnuiiiliir  degeneration  after  they  have  previously  become  decolour 
I0S.S  iif  tlieir  colouring  matter.  The  colouring  matter  of  the  blixHl  is  1 
tlniiugh  the  surrounding  pai-t«  and  a  portion  of  it  is  simply  absorl>e( 
aiiotluT  portion  is  changed  into  crystalline  li.-nmatoidin — i.  e..  into 
rlioniboid  crystals  about  (1.1  niillinielre  long,  of  a  yellowish-red  to  b 
colour.  Tiigotlier  witii  tlifse  cr>'stjilliiic  fiirnis  there  also  occur  orangt 
m'tillcs  iind  sitiiill  iiiigul-.ir  or  iiidenlaled  rust-coloured  |iarticles.  Tin 
toidin  is  not  furiui'd  sulel.v  by  direct  ti-ausformation  of  free  red  bloml 
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cles,  but  also  originates  intracellularly — that  is,  the  red  corpuscles  are  taken 
op  b?  the  lymph  corpuscles  and  the  colourless  blood-corpuscles  and  are  here 
changed  into  pigment  (Langhans). 

Other  Terminations  of  Extravaaations  of  Blood. — The  most  satisfac- 
tory termination  for  an  extravasation  of  blood  is  its  complete  absorp- 
tion in  the  manner  described  above.  When  the  extravasation  is  dif- 
fuse, absorption  is  the  commonest  termination.  The  particles  of  pig- 
ment and  crystals  of  haematoidin  gradually  disappear  in  the  course  of 
months,  leaving  nothing  which  recalls  the  haemorrhage  that  has  oc- 
curred or  the  injury  which  the  tissues  have  suflEered. 

Organisation  of  the  Extravasated  Blood. — In  severer  contusions  with 
larger,  more  circumscribed  extravasations  of  blood,  the  extravasation 
is  gradually  displaced  by  new-formed  connective  tissue,  as  in  the  so- 
called  organisation  of  a  thrombus  in  a  vessel  (see  page  290).  In  con- 
tusions of  periosteum,  or  of  bone  or  its  marrow,  the  product  of  the 
organisation  is  not  connective  tissue  but  bone. 

Sometimes  the  organisation  of  the  extravasated  blood  into  connect- 
ive tissue  is  confined  to  the  outer  layers  of  the  extravasation,  as,  for 
example,  in  cerebral  haemorrhages  or  in  hsBniorrhages  into  the  sub- 
stance of  the  thyroid  gland  or  of  a  tumour.  In  this  way  there  devel- 
ops at  the  point  where  the  extravasation  occurred  a  ej/sf — that  is,  a 
apace  filled  usually  with  a  yellowish -red  fluid  and  enclosed  by  a  con- 
neetive-tissne  capsule.  After  the  liquid  in  the  cyst  has  been  absorbed 
a trae  connective-tissue  cicatrix  may  eventually  develop. 

Drying,  Calcification,  Suppuration,  and  Decomposition  of  the  Extrava- 
■ted  Blood. — In  rare  cases  the  extravasated  blood  becomes  dried,  or  cal- 
careous concretions  are  formed  by  deposition  of  lime  salts.  The  unfa- 
vourable changes  which  the  extravasation  may  undergo  are  suppuration, 
and  particularly  putrefactive  decomposition  and  gangrene.  These  ter- 
minations are  only  brought  about,  as  mentioned  in  §  57,  by  bacterial 
infection  through  a  cutaneous  injury,  or,  in  rare  instances,  through  the 
circulation,  and  are  seldom  observed  in  subcutaneous  extravasations  of 
blood.  When  infection  does  occur  it  is  usually  due  to  a  8n])erficial 
cntaneous  injury  or  to  necrosis  of  the  skin  caused  bv  the  injury.  It 
is  also  to  be  borne  in  mind  that  bacteria  may  be  forced  into  the  skin 
when  the  latter  is  subjected  to  violence,  and  they  will  then  find  a 
fcvourable  medium  for  their  development  in  the  extravasated  blood 
And  the  contused  skin. 

Absorption  of  Extravasated  Lymph. — The  more  or  less  pure  lym])h 
ixtravasations  are  ordinarily  absorbel  very  slowly,  and  they  sometimes 
^rsist  for  months  as  a  soft  fluctuating  tumour;  it  is  an  exceedingly 
ire  occurrence   for   them    to   undergo   suppuration  or  putrefactive 
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change.     The  repair  of  a  wound  and  the  regeneration  of  injured  tis- 
sues are  described  in  §  61. 

Treatment  of  Contnsiona, — The  treatment  of  a  contusion  is,  in  the 
first  place,  directed  toward  as  rapid  an  absorption  as  possible  of  the 
extravasation.  A  great  number  of  the  slighter  contusions  get  well 
without  assistance  in  a  comparatively  short  time.  If  a  contasionof 
soft  parts — on  an  extremity,  for  instance — comes  under  observation 
immediately  after  it  has  been  received,  and  if  a  fracture  has  been  posi- 
tively excluded,  the  injured  extremity  should  be  placed  in  an  ejevated 
position  to  diminish  the  pain  and  check  the  subcutaneous  haemorrhage. 
With  the  same  object  in  view  ice  is  employed  locally,  or  cold  applica- 
tions, to  which  may  also  be  added  substances  like  acetate  of  lead,  chlo- 
ride of  ammonium,  spirits  of  camphor,  etc.  It  is  always  advantageous 
for  arresting  subcutaneous  haemorrhage  to  apply  a  dressing  which  ex- 
erts a  slight  pressure.  If  the  skin  is  intact  and  there  is  a  considerable 
extravasation  of  blood,  the  latter  should  be  mechanically  forced  into 
the  interstices  of  the  tissues  and  into  the  lymph  channels  by  being 
gently  kneaded  and  rubbed  in  a  centripetal  direction  by  the  thumbs, 
fingers,  or  palms.  In  this  manner  the  absorption  of  the  extravasation 
is  hastened.  After  the  massage,  it  is  often  advantageous  to  wrap  the 
injured  portion  of  the  extremity  in  a  flannel,  mull,  or  cotton  bandage 
to  prevent  a  recurrence  of  the  subcutaneous  haemorrhage  and  swelling. 
As  a  general  thing,  it  is  a  good  plan,  immediately  after  the  massage,  to 
make  the  patient  move  his  contused  muscles  or  joint.  This  increases 
the  effect  of  the  massage  and  materially  hastens  the  absorption  of  the 
extravasation.  Massage  is  suitable  for  subcutaneous  ruptures  and  con- 
tusions like  sprains  of  joints,  which  can  often  be  cured  by  this  method 
within  a  few  days ;  in  fact,  the  effects  of  massage  upon  a  sprain  often 
seem  perfectly  wonderful  to  the  laity.  The  patient  may  have  suffered 
the  severest  kind  of  pain  when  making  the  least  attempt  to  stand  npon 
his  contused  foot  or  ankle,  and  yet  after  massage  has  been  practised 
but  once  he  will  be  able  to  get  about  with  very  slight  pain,  or  even 
none  at  all. 

The  massage  must  be  repeated  daily,  and  in  the  most  favourable 
cases  three  to  five  sittings  will  be  enough  to  effect  a  cure,  while  in 
others  the  massage  must  be  continued  for  a  longer  time.  The  sooner 
the  massage  can  be  undertaken  after  the  injury  the  more  rapid  will  be 
the  success. 

Technique  of  Massage. — The  technique  of^massage  is  not  as  simple  as  it 
appears.  It  has  recently  been  employed  with  success  for  all  sorts  of  troubles. 
Before  beginnintr  the  treatment  upon  the  injured  portion  of  the  body,  it  i* 
very  often  advisable  to  start  with  an  introductory  massage  of  the  healthy 
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purts  on  the  proximal  side  of  the  injury,  using  centripetal ly  directed  strokes 
of  the  hand  to  empty  the  veins  and  lymphatic  vessels  and  thus  promote  the 
Absorption  from  the  injured  portion  of  the  body.  Massage  of  the  healthy 
parts  on  the  proximal  side  of  the  injury  should  be  employed  in  all  cases 
nvhere  massage  of  the  actually  inflamed  or  injured  portion  of  the  body  is 
impossible  on  account  of  a  cutaneous  injury  or  too  great  pain.  The  parts  to 
be  massaged  and  the  hands  of  the  masseur  should  first  be  smeared  with  lard 
or  vaseline,  to  facilitate  the  strokes  given  by  the  hand. 

There  are  in  general  four  methods  of  employing  massage :  1.  Effleurage, 
or  centripetal  ly  directed  strokes  of  varying  strength  made  with  the  palm  of 
the  hand  or  its  radial  border.  2.  Massage  d  friction,  or  vigorous  circular 
rubs  with  the  hand  or  finger  tips,  and  particularly  with  the  thumbs,  to  break 
up  and  scatter  pathological  products.  3.  Petrissage,  or  elevation  of  a  por- 
tMm  of  tissue  with  both  hands,  or  with  the  fingers  of  one  hand,  followed  by 
squeezing  and  kneading  the  parts  thus  lifted.  4.  Tapoteinent,  or  beating  and 
striking  the  part  under  ti*eatment  with  the  hand,  or  with  some  instrument 
made  of  wood,  rubber,  etc.,  specially  constructed  for  the  purpose.  The 
*  length  of  time  occupied  at  each  sitting  varies  greatly  ;  it  may  be  two  to  three 
nunutes,  or  as  much  as  five  to  fifteen  minutes  or  longer,  depending  upon  the 
extent  of  surface  to  be  covered.  Attempts  have  been  made  to  substitute  for  * 
hand  massage  the  use  of  special  apparatus  and  appliances,  particularly  in 
medico-mechanical  institutions.  Massage  with  a  skilful  hand  is,  however, 
the  most  efficacious.  Massage  should  be  performed  much  more  often  by 
physicians,  and  not  by  the  laity,  as  only  the  former  can  feel  properly  and 
diagnosticate  the  pathological  changes  tliat  are  present. 

Of  course,  a  great  number  of  contusions  are  not  suited  for  massage. 
In  this  category  belong  all  cases  in  which  the  skin  has  been  severely 
damaged  by  mechanical  violence,  or  where  large  vessels  have  been  rup- 
tured, in  consequence  of  which  considerable  extravasations  of  blood 
lave  occurred,  or  where,  in  addition  to  an  extensive  contusion  and 
cniBhing  of  soft  parts,  there  is  also  a  fracture  of  a  bone.  Every  cuta- 
neous abrasion,  no  matter  how  superficial  it  may  be,  must  be  care- 
fully treated  upon  antiseptic  principles.  The  subcutaneous  extravasa- 
tion of  blood  will  also  be  diminished  by  an  antiseptic  dressing  which 
•rcrts  pressure.  In  other  cases  there  may  be  a  scab  of  dried  l)Iood 
▼hlch  will  protect  the  cutaneous  injury  from  infection.  If  suppura- 
tion occurs — ^i.  e.,  if  the  skin  becomes  hot,  red,  and  tender,  and  fluctua- 
tion is  detected — incisions  should  be  made  in  the  most  dependent  paits, 
Auinage  inserted,  and  antiseptic  dressings  applied.  Sliould  putrefac- 
tion of  the  extravasated  blood  set  in — i.  e.,  should  there  be  a  rapid  in- 
crease in  the  size  of  the  inflammatory  tumour,  with  high  fever  and 
chills — vigorous  treatment  must  be  adopted.  Incisions  should  be  made 
U  hrgd  and  numerous  as  possible  in  order  that  the  secretion  from  the 
wound  may  freely  escape.  The  wound  should  then  be  disinfected  with 
i  1  to  1,000  solution  of  bichloride  of  mercury,  or  with  a  thi-ee-  to  five- 
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per-cent.  solution  of  carbolic  acid,  and  all  gangrenous  shreds  of  tissue 
removed.  Early  amputation  is  sometimes  indicated  when  there  are 
extensive  gangrenous  changes,  but,  as  a  rule,  such  interference  is  veiy 
rarely  called  for.  When  large  extravasations  of  blood  are  absorbed 
very  slowly,  or  at  best  but  incompletely,  it  is  allowable  to  open  them 
up,  scrape  them  out,  and  drain  the  cavity  thus  formed.  This  applies 
especially  to  the  above-mentioned  purely  lymph  extravasations.  They 
neither  coagulate  nor  become  absorbed,  and  are  rather  more  apt  to 
increase  in  size ;  consequently  the  majority  of  these  eases  should  be 
treated  by  operation.  They  should  be  opened  as  much  as  is  necessary 
by  an  incision  and  scraped  out.  Furthermore,  when  a  large  vessel  is 
ruptured  subcutaneously,  unless  the  haemorrhage  ceases,  the  vessel  mvai 
eventually  be  sought  for  at  the  point  of  the  injury  and  ligated  on  the 
proximal  and  distal  side  of  the  injured  spot,  and  the  intervening  con- 
tused portion  of  the  vessel  extirpated.  The  special  treatment  for  con- 
tusions of  joints  and  bones  is  described  in  the  paragraphs  upon  these 
subjects. 

Muscular  paralyses  following  contusions  of  nerves,  if  the  continuity 
of  the  nerve  is  not  interrupted,  usually  disappear  under  electrical  treat- 
ment. If  the  nerve  has  been  completely  divided,  neurorrhaphy  should 
be  performed  in  the  ordinary  way  (see  page  484). 

Subcutaneous  Buptnre  of  Healthy  HuscleB  and  Tendona, — Tlie  subcu- 
taneous rupture  of  healthy  muscles  and  tendons  ordinarily  only  occurs 
as  a  result  of  the  action  of  great  force,  such  as  a  violent  muscular  effort 
or  an  excessive  strain  at  the  time  of  the  dislocation  of  a  joint,  or  from 
direct  violence,  such  as  a  blow,  etc.  As  a  result  of  excessive  muscular 
exertion,  as  in  jumping,  there  may  occur  a  rupture  of  the  gastroc- 
nemius or  of  the  tendo  Achillis.  In  a  similar  manner  there  may  fol- 
low  a  rupture  of  the  tendon  of  the  quadriceps  extensor  when  an  indi- 
vidual is  in  danger  of  falling  and  tries  to  hold  himself  on  his  feet  by 
vigorously  contracting  the  extensor  muscles  of  the  leg.  The  ruptures 
may  be  partial  or  complete,  and  occur  either  in  the  muscle  or  the 
tendon.  Purely  muscular  ruptures  are  most  common  in  long-bellied 
muscles  possessing  either  a  very  short  tendon  or  none  at  all,  such  as 
the  rectus  abdominis  or  the  sterno-cleido- mastoid.  Not  infrequently 
tendons  are  torn  from  their  points  of  insertion  with  or  without  a  tea^ 
ing  away  of  bone  substance  (so-called  torn  fractures).  The  tear  takes 
place  where  there  is  the  least  resistance.  If  muscles  and  tendons  en- 
dure the  increased  amount  of  strain,  their  points  of  insertion,  the  bony 
prominences,  may  break  off,  and  thus  there  may  result  transverse  f^a^ 
tares  of  the  patella,  or  fractures  of  the  processus  calcanei  posterior,  in 
consequence  of  excessive  strain  from  the  quadriceps  femoris  or  gastroc- 


§f>2.] 


SUBCUTANEOUS  INJURIES  OP  SOFT  PAHTS. 


neinius  with  its  tendo  Acliillis.  Ruptures  of  the  tendons  of  tlie  fingers, 
with  or  without  avulsion  of  a  portion  of  a  phalanx,  are  of  special  prac- 
tical importance;  they  result  most  commonly  from  over-extension  or 
over-flexion  with  torsion  {Brault,  Hagler), 

The  tearing  away  of  the  muscles  or  tendons  at  their  points  of  in- 
sertion on  the  bones,  with  or  without  laceration  of  bone  Bubstanoe,  is 
particularly  apt  to  occur  in  traumatic  dislocations  of  joints  such  as  the 
shoulder  or  hip. 

Very  rarely  ruptures  of  mnsclea  or  tendons  are  produced  by  direct 
violence — a  blow  or  a  thrust. 

If  muscles  or  tendons  have  suffered  a  loss  in  their  powers  of  resist- 
ance as  a  result  of  inflaaimstion  or  degenerative  processes,  such  as 
fatty  or  waxy  degeneration  accompanying  constitutional  febrile  dis- 
eases, a  very  raoilerate  amount  of  mechanical  violence  may  prove  euf- 
fifieut  to  cause  a  rupture.  These  ruptures  of  diseased  muscles  and 
tendons  are  called  spimtaneGUs,  in  contradistinction  to  the  ruptures  of 
healthy  muscles  and  tendons. 

The  symptums  of  subcutaneous  rupture  of  a  tendon  or  muscle — an 
accident  which  is  most  commonly  observed  in  military  practice — consist 
first  of  all  in  tlie  inability  to  perform  those  movements  of  which  the 
ruptured  muscle  is  ordinarily  capable.  At  the  injured  point  it  is  usu- 
ally evident  that  the  ruptured  ends  of  the  muscles  or  tendons  are  sepa- 
rated by  a  greater  or  less  interval,  and  that  in  this  gap  in  the  tissues 
there  is  a  correspondingly  large  fluctuating  extravasation  of  blood.  If 
the  latter  is  considerable  it  may  render  tlie  diagnosis  diiScult.  The 
patients  themselves  often  direct  the  attention  of  the  physician  to  the 
nature  of  their  injury  by  positively  stating  that  they  have  plainly  felt 
or  heard  a  rupture  of  the  tissues. 

The  subcutaneous  muscular  and  tendinous  ruptures  usually  heal 
readily  under  proper  treatment,  without  being  followed  by  any  ilisturh- 
anoe  whatsoever;  suppuration  is  scarcely  ever  observed.  Even  when 
no  suitable  treatment  is  adopted,  the  muscular  and  tendinous  stumps 
very  often  heal  together  by  the  formation  of  an  interposed  conneitive- 
tissue  cicatrix,  such  as  takes  place,  for  example,  after  the  subcutaneous 
di\ision  of  the  tendons  and  mnscles  undertaken  for  the  cure  of  club- 
foot or  other  joint  or  muscular  contractures.  The  connective-tissue 
cicatrix  interposed  between  the  mustrular  and  tendinous  stumps  is  at 
the  outset  adherent  on  all  sides  to  the  surrounding  parts.  These  ad- 
he'iiims  are  grailually  torn  or  stretched  as  soon  as  the  jiationt  again 
begins  to  use  his  muscles. 

Even  after  loss  of  muscular  substance  such  as  follows  supparation, 
the  two  stumps  of  the  muscle  can  become  bound  together  by  a  con-   . 
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nective-dssne  cicatrix,  a  kind  of  iruicriptio  tendinea^  and  the  rnxMs^h 
be  rendered  capable  of  performing  its  function. 

It  sometimes  happens  after  subcataneous  mpture  of  a  tendon  tb&t, 
in  consequence  of  the  retraction  of  the  central  end  of  the  tendon,  the 
two  stumps  do  not  directly  unite  with  one  another  but  with  the  over- 
lying skin.  Both  tendon  stumps  in  such  cases  then  become  adherent 
to  the  skin,  and  the  latter  may  become  so  mobile  that  it  follows  the 
movements  of  the  tendon,  and  the  latter  performs  its  normal  function. 

After  muscular  ruptures  subsequent  contractures  sometimes  de- 
velop. In  this  class  of  cases  belongs  the  so-called  congenital  form  of 
wry-neck  {caput  (jbstipmn)^  which  is  due  generally  to  a  partial  rupture 
of  the  sterno-mastoid  muscle,  usually  the  result  of  operative  interfer- 
ence during  birth.  According  to  Stromeyer  and  Volkmann,  the  con- 
tracture is  produced  in  part  by  a  cicatricial  shrinkage  of  the  muscular 
substance,  and  in  part  by  the  obhque  position  of  the  head  instinctively 
assumed  from  the  time  of  birth.  According  to  Petersen,  the  stemomas- 
toid  muscle  involved  in  caput  obstipum  is  congenitally  shortened.  In 
other  cases  a  contracture  after  muscular  and  tendinous  rupture  is  caused 
by  the  action  of  the  antagonistic  groups.  But  it  is  certain,  as  the  din- 
sion  of  tendons  for  contractures  also  proves,  that  these  so-called  antago- 
nistic muscular  contractures  are  not  by  any  means  so  severe  nor  so 
common  as  was  formerly  believed  to  be  the  case.  We  shall  discuss 
this  question  more  fully  under  the  subject  of  contractures  of  the  hand 
and  foot. 

Treatment  of  Subcutaneous  Huacular  and  Tendinous  Bupturei— This 
consists  essentially  in  approximating  as  closely  as  possible  the  divided 
and  separated  ends  of  the  muscles  and  tendons,  and  preventing  the  nee 
of  the  muscles  or  tendons,  whenever  possible,  by  immobilisation  of  the 
aflfeeted  portion  of  the  body.  Wherever  it  is  feasible,  an  attempt  should 
be  made,  after  division  of  the  skin  under  antiseptic  precautions,  to 
obtain  primary  union  by  sutures  connecting  the  muscular  or  tendinous 
stumps  (see  Tenorrhaphy). 

Hoscular  Hernia. — The  protrusion  of  a  portion  of  a  muscle  through  an 
unhealed  rupture  in  its  overlying:  fascia  or  sheath  is  called  a  muscular  he^ 
nia.     In  cases  of  this  description,  during  the  contraction  of  the  affected  mus- 
cle, a  ))ortion  of  its  belly  pushes  itself  tlirough  the  gaping  tear  in  the  fasfit 
or  slieath  of  the  muscle  and  forms  an  elastic  fluctuating  tumour  (Fig.  365). 
Hernias  of  the  straight  abdominal  muscles  and  of  the  muscles  of  the  thigli 
seem  to  be  the  most  common,  occurring  particularly  in  the  soldiers  of  cavalry 
and  artillery  regiments.     As  Baudin  has  recently  demonstrated,  the  affection 
is  not  so  rare  as  was  formerly  believed.     In  the  thigh  the  development  o( 
muscular  hernias  aft<»r  subcutaneous  rupture  of  the  fascia  is  favoured  by  ibe 
very  slight  distensibility  of  the  fascia,  by  its  tense  arrangement  on  the  inner 
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frequently  repeated,  excessive  stretching  of  the 
riding.    The  observations  of  Baudin  show  that  a 


i.  3AS. — Muscular  hemii  (adductor 
loDgUii)  r««ultiiig  frani  a  rupture 
of  uio  huwia,  due  to  a  full  from  a 
hone.    (Kawiu.} 


pture  of  the  fascia  does  not  necessarily 
:re  is  a  gradual  forcing  asunder 
g  apart  of  the  fibres  of  the  fascia, 
t  of  the  poor  nerve  supply  in  the 
ar  in  the  latter  is  not  ordinarily 
ed  by  pain.  As  regards  the  diag 
characteristic  for  tumours  due  to 
hemiie  to  disappear  or  become 
as  the  points  of  origin  and  inser- 
e  a£Fect«d  muscle  are  separated 
proximat«d  to  one  another 
liscomfort  caused  by  such  a  mus- 
lia  is  considerable,  an  operation 
indertakeu  for  its  cure.  The  skin 
the  ruptured  fascia  exposed,  and 
of  the  rent  freshened  and  drawn 
/  catgut  sutures.  After  healing  is 
ui  elastic  dressing  which  exerts 
the  form  of  an  elastic  girdle,  pes- 
a  flat  pad,  should  be  worn  tor  some  time.  In  mild  cases,  and  when 
e  afraid  of  the  knife,  we  are  forced  to  conflne  ourselves  to  a  purely 
reatment  of  the  affection  by  an  elastic  girdle  with  a  flat  pad. 

.tiou  of  KoboIh  and  lendont, — Dieplacements  of  muscles 
ns  after  laceration  of  their  faeciee  and  synovial  sheatlie  have 
:he  Dame  of  dislocations.  Id  general  the;  are  very  rarely 
and  maiDly  occur  wiien  the  muscle  or  tendon  in  question  by 
3Dt  muvenieut  slips  over  a  bony  prominence  where  it  is  held 
placement  of  the  teDdons  of  the  peroDei  mttecles  od  to  the 
:ace  of  the  external  malleolus  may  occur  in  severe  sprains 
:le  joint.  There  is  a  division  of  opinion  as  to  the  frequency 
h  dislocation  of  the  biceps  tendon  occurs  from  the  bicipital 
er  tlie  lesser  tuberosity  of  the  humerus.  According  to  Cow- 
Islocation  is  particularly  apt  to  occur  in  forced  elevation  of 
iDd  the  accident  is  characterised  by  severe  pain  in  the  region 
eer  tuberosity,  and  by  inability  to  move  the  shoulder  joint. 
Pitha,  and  others  doubt  tlie  occurrence  of  simple  dislocations 
sps  tendon  unaccompanied  by  dislocation  or  fracture  of  the 

of  the  humerus, 
jposition  of  the  dislocated  tendons — of  the  peronei,  for  ex- 

an  easy  matter  in  recent  cases.  To  keep  the  tendons  in 
■er  position  after  they  have  been  replaced,  a  suitable  retentive 
ibonld  be  applied  so  as   to   e:iert   pressure  upon  the   point 

dislocation  has  occurred,  while  the  joint  is  made  to  assume  a 
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suitable  position,  which  in  dislocation  of  the  peronei  consists  in  supi^^^ 
ing  the  foot.     As  dislocations  of  tendons  are  particularly  apt  to  o^:*^^^ 
when  the  bony  grooves  are  not  deep  enough,  and  as  this  condition  a/so 
favours  their  recurrence,  it  is  occasionally  advantageous  to  make  m 
of  Albert's  method,  and  deepen  the  groove  subperiosteally  wiVA  a 
gouge  and  then  reunite  the  elevated  periosteum  by  catgut  sutures. 
Maydl  recommends  in  addition  freshening  and  suturing  together  the 
lacerated  edges  of  the  tendon  sheath.     If  there  is  atrophy  of  the  ten- 
don sheath,  a  portion  of  the  periosteum  may  be  turned  over  the  tendon 
and  sutured  to  its  sheath. 

Difllooations  of  Herves. — These  occur  under  conditions  similar  to  those  de- 
scribed for  dislocations  of  the  tendons  and  muscles.  Dislocation  of  the  ulnar 
nerve  from  its  groove  behind  the  internal  condyle  of  the  humerus  is  a  particu- 
larly familiar  accident.  In  obstinate  cases  the  bony  groove  should  be  deep- 
ened subperiosteally  with  a  gouge,  or  the  nerve  should  be  secured  in  podtion 
by  suturing  its  sheath  to  the  fascia  or  inner  border  of  the  triceps  tendon  and 
covering  in  the  nerve  by  suturing  the  fascia  over  it  to  the  periosteum  (Stabb). 

Subcutaneous  stretching,  tearing,  or  laceration  of  the  capsules  of 
joints  and  their  ligaments — the  so-called  sprains — will  be  discufised 
under  the  subject  of  Injuries  of  Joints  (§  121). 

§  93.  The  Diseases  of  the  Skin  and  Cellular  Tissue.— The  diseases 
of  the  skin  are  very  numerous,  since  it  is  so  much  exposed  to  injorioiu 
influences  from  without,  and  since  it  bears  such  an  intimate  relation- 
ship to  the  whole  organism.  This  relationship  to  the  rest  of  the  sys- 
tem explains  why  the  skin  presents  secondary  symptomatic  changes  in 
diseased  conditions  of  the  nervous  system,  the  blood,  the  lymphatic 
system,  and  the  internal  organs. 

The  trophoneurotic  cutaneous  affections  are  extremely  interesting.     - 
We  know  that,  as  a  result  of  long-continued  irritation  of  peripheral 
nerves,  there  may  occur  not  only  degenerative  changes  in  the  periph- 
eral  portions  of  these  nerves,  accompanied  by  trophic  disturbancefl, 
but  that  also  the  peripheral  changes  may  advance  in  the  fonn  of  sn 
ascending  neuritis  to  the  spinal  cord  and  brain.     These  secondarr  dis- 
eases of  the  central  nervous  system  may  then  in  turn  give  rise  to 
trophic  disturbances  of  the  skin,  to   inflammation,  gangrene,  ulcere, 
vasomotor  disturbances,  etc.     I  should  also  mention  at  this  place  the 
reflex  angioneuroses,  in  which,  as  a  result  of  various  kinds  of  irritati(« 
such  as  may  proceed  from  the  sexual  organs,  manifold  polymorpboas    | 
exanthemata  including  wheals,  papular  efflorescences,  erythema  nodo- 
sum, etc.,  may  occur.      Various  acute  and  chronic  infectious  diseases  \ 
are  accompanied  ])y  cutaneous  lesions,  and  the  latter  also  occur  from  ' 
the  internal  or  external  use  of  drugs. 
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Ve  shall  confine  ourselves  here  to  only  the  most  important  dis- 
eaaes  of  the  skin  in  so  far  as  they  belong  to  the  province  of  surgery. 

Aeate  Inflammations  of  the  Skin. — The  principal  acute  inflammations 
of  the  skin  of  interest  to  the  surgeon  are  erythema,  eczema,  furuncle, 
carbancle,  and  erysipelas ;  the  latter  is  described  in  §  71. 

1.  Erythema. — By  erythema  {dermatitis  erythematosa)  is  understood 
an  acute  circumscribed  inflammation  mainly  involving  the  papillary 
layer  of  the  skin.  In  consequence  of  the  inflammatory  hypersemia  the 
skin  is  reddened  and  somewhat  swollen.  The  temperature  of  the  af- 
fected area  is  elevated,  and  there  is  usually  a  sharp,  burning  pain.  The 
uiatomical  changes  in  erythema  consist  in  a  serous  exudation  into  the 
space  between  the  most  superficial  layer  of  the  cutis  and  the  rete  Mal- 
pighii,  and  in  a  more  or  less  pronounced  infiltration  with  leucocytes. 
The  cells  of  the  rete  Malpighii  are  generally  somewhat  enlarged  and 
swollen.  As  a  r^ult  of  the  exudation,  the  epidermis  is  often  elevated 
in  the  form  of  small  blebs  which  are  filled  with  serum  or  pus.  Ery- 
thema usually  terminates  in  a  complete  restitutio  ad  integrum^  without 
leaving  any  visible  cicatrix.  The  epidermis  comes  off  mostly  in  the 
form  of  scales  or  large  flakes.  If  the  irritation  continues  long  enough, 
imall  ulcers  may  occasionally  develop  from  the  blebs,  but  these,  too,  as 
I  rule,  heal  very  rapidly.  The  causes  of  erythema  are  very  varied. 
Ordinarily  the  disease  originates  from  a  local  mechanical,  thermal,  or 
chemical  irritation ;  it  may  thus  come  from  superficial  bums  or  f rost- 
Irites,  from  continued  irritation  of  the  skin  by  wet  bichloride  or  car- 
tioKc  dressings,  or  it  may  be  caused  by  sweat,  urine,  or  pus,  particularly 
in  localities  where  areas  of  skin  rub  together,  as  at  the  anus,  the  vulva, 
in  the  axilla,  or  after  the  ingestion  of  various  kinds  of  food  or  medica- 
oients  (quinine),  etc. 

Srythema  Multiforme,  Erythema  Hodoanm. — In  endocarditis,  as  a  result 
trf infection  by  micro-organisms,  and  in  all  cases  of  acute  and  chronic  infec- 
tious diseases,  various  forms  of  erythema  sometimes  occur,  particularly 
Mythema  nmltiforme  and  erythema  nodosum.  The  etiology  of  erythema 
maltifonne  is  extremely  varied.  In  addition  to  the  toxic  influences  which 
^•cteria  exert,  a  very  important  part  is  played  by  alterations  in  the  nervous 
•jwtem,  including  both  the  peripheral  nerv^es  and  the  central  nervous  system, 
•nd  by  irritations  of  the  skin  when  the  nervous  system  is  normal.  Accord- 
ing to  Diirinf?  and  others,  erythema  exudativum  multiforme  and  nodosum 
^  specific  infectious  diseases. 

The  Treatment  of  Erythema  consists  in  great  cleanliness  and  the 
He  of  washings  and  baths.  For  pure  hypersemia  ice  and  lead- water 
^Id  be  employed,  and  the  parts  should  be  covered  with  unguentum 
thai^ri  HebraB  (unguentum  diachylon),  or  vaseline,  and  afterwards 
iflted  with  starch  or  oxide  of  zinc  and  starch  (1  to  6  to  10),  and  then 
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covered  with  cotton.  The  latter  treatment  is  particularly  good 
blebs  are  present ;  they  rapidly  disappear  under  the  application  of  des- 
locating  substances  such  as  unguentum  diachylon  or  vaseline,  or  wben 
dusted  with  starch  and  zinc  oxide.  But  the  cause  of  the  erythema 
should  always  be  taken  into  account,  especially  if  it  is  a  bacterial  ery- 
thema— i.  e.,  an  erythema  occurring  in  the  course  of  an  infectiouB 
disease. 

2.  Eczema. — Among  the  inflammations  of  the  skin  in  which  there 
is  a  formation  of  blebs  special  mention  should  be  made  of  eczema, 
which  is  sometimes  acute  and  sometimes  chronic,  and  consists  in  the 
development  of  papules,  vesicles,  and  pustules  which  dry  and  form 
crusts.  The  skin  in  the  neighbourhood  of  the  vesicles  is  usually  more 
or  less  inflamed.  Eczema,  too,  is  particularly  apt  to  be  excited  by  all 
sorts  of  external  irritation,  such  as  wet  antiseptic  dressings  of  bicblo- 
ride,  carbolic  acid,  etc.  (For  the  eczema  that  occurs  on  the  hands  of 
surgeons,  see  page  179).  A  large  number  of  very  different  skin  dis- 
eases are  included  etiologically  under  the  term  eczema  which  should 
really  be  separated.  An  important  type  of  eczema  is  the  eczema 
seborrhoicum^  in  which  there  is  a  formation  of  scales  and  crusts  on 
those  parts  of  the  body  which  are  richly  supplied  with  sebaceooB 
gl^ds,  such  as  the  hairy  portion  of  the  scalp,  the  edges  of  the  eyelid, 
the  axilla,  etc.  (Unna). 

Treatment  of  Eczema. — The  treatment  of  acute  eczema  consiBts  in 
removing  the  cause,  such  as  the  wet  dressings,  and  then  in  the  appli- 
cation of  drying  remedies  (fifty  per  cent,  alcohol,  brandy)  or  unguen- 
tum diachylon  or  vaseline,  dusting  with  zinc  oxide  and  starch  and 
covering  with  cotton,  but  without  gutta  percha  over  it,  since  the  drier 
the  eczematous  area  is  kept  the  better.  If  success  is  not  obtained  by 
these  methods,  a  trial  should  be  made  with  zinc  glue  (oxide  of  zinc 
and  gelatine,  each  one  part,  glycerine  and  aq.  destil.,  each  four  parts) 
Unua's  ointment  of  benzoate  of  zinc  spread  on  gauze.  Pick's  salicylic- 
soap  plaster,  Lassar's  zinc  paste,  etc.  Chronic  eczema  is  treated  in 
essentially  the  same  way.  In  addition  we  use  animal  preparations- 
ichthyol  (internally  and  externally),  liniments  which  are  allowed  to 
dry  on,  etc.  Peck's  bichloride  gelatine,  the  salicylic-soap  plaster, 
Lassar's  salicylic  paste,  Unna's  salicylic- plaster  mull,  two  to  ten  percent 
of  chrysarobin  or  pyrogallic  acid  in  vaseline,  are  all  useful  prepara- 
tions. The  Rontgen  rays  have  also  been  used  with  success  in  chrome 
eczema.  Arsenic  should  be  administered  internally,  and  in  children 
oftentimes  cod-liver  oil.  Any  constitutional  dyscrasise,  such  as  gout, 
diabetes,  scrofula,  etc.,  should  receive  special  treatment.  The  i^ 
should  be  carefully  regulated. 
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Other  Skin  DiieoiM.— According  to  the  different  forma  and  causes  of 
er^ema  and  the  skin  inflammations  in  which  blebs  develop,  many  vari- 
ces of  these  diseases  are  distinguished,  such  as  erjilieina  ezud&tivum  mul- 
tifonne,  erythema  nodosum,  urticaria  tuberosa,  impetigo  (pustules  drying 
and  forming  crusts),  etc.  We  cannot  discuss  at  this  place  other  cutaneous 
affections  like  psoriasis  (development  of  dry,  white  scales),  prurigo  (inflam- 
imtioii  accompanied  by  the  formation  of  papules),  and  the  various  mani- 
TeMations  of  syphilis.  In  urticaria  there  is  an  eruption  of  red  itching 
wheals  which  are  sometimes  pigmented.  By  miliaria  is  understood  an 
enption  of  small,  transparent  vesicles :  by  herpes,  vesicles  arranged  in 
group*— for  instance,  upon  the  lips  (herpes  labialis)  or  prepuce  (herpes  pre- 
palialb),  and  on  the  back  (herpes  zoster).  Herpes  zoster  occurs  along  the 
diatribution  of  some  particular  nerve,  and  is  sometimes  present  when 
changes  have  taken  place  in  the  spinal  ganglia 
aikd  the  Gasserian  ganglion.  liie  infectious 
eharaeter  of  herpes  zoster  is  becoming  more 
ud  more  insisted  upon ;  epidemics  of  this  affec- 
tion have  repeatedly  been  observed  (Pick,  Ka- 
ptaij.  By  pemphigus  is  understood  a  cutaneous 
caption  with  the  formation  of  blebs  which 
nrj  in  size  from  that  of  &  pea  to  that  of  a 
hen's  or  goose's  egg.  It  has  various  causes  :  it 
occurs,  for  example,  in  the  course  of  infectious 
dinases  (sepsis),  in  injuries  and  inflammations 
of  nerves,  after  the  ingestion  of  certain  drugs, 
etc.  The  views  regarding  the  nature  of  pern- 
pkigus  are  still  very  divided  ;  some  regard  the 
different  types  as  one  and  the  same  disease, 
while  others  understand  the  term  pemphigus  to 
include  diseases  of  very  variable  etiology.  Two 
luin  varieties  can  be  distinguished  clinically  : 
pemphigus  benignus  and  pemphigus  maliguus. 
The  latter  is  characterised  by  early  and  often 
Jrimary  involvement  of  the  mucous  membrane 
■ad  morphological  variations  in  the  ordinary 
Iiictiire  of  pemphigus.  The  prognosis  is  un- 
ftvourable— -death  occurring,  according  to  Ka- 

pori.  in  about  one  half  the  cases.  Xeroderma  pigmentosum  (Kaposi)  is  a  rare 
•bn  disease  in  which  the  skin  becomes  atrophied,  wrinkletl,  and  parchment- 
like; furthermore  numerous  pigmented  spots  and  telangiectases  are  present. 
Ihe  skin  is  tense,  so  that  the  eyelids  and  lower  lip  appear  everted  and  the 
flngers  bent  The  disease  begins  in  earliest  childhood,  its  cause  is  unknown, 
«ad  it  generally  results  fatally,  usually  after  a  long  duration  snd  after  the 
formation  of  malignant  tumours.  Frank  and  Sandfort  observed  in  a  thirty- 
(hree  yeftrK>ld  mountaineer  a  peculiar  desquamation  of  the  entire  skin  of  the 
Unds  and  feet,  including  tlie  nails.  It  occurred  at  a  certain  time  every 
jtmr.  The  new  skin  was  as  t«nder  as  that  of  a  child.  Kerion  celsi  is  a  skin 
liiease  caused  by  tinea  tricophytina,  which  attacks  principally  the  scalp, 
rhe  involved  portion  of  skin — e.  g.,  of  the  size  of  a  s; 
87 
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perforated  like  a  sieve,  and  covered  with  crusts.  Hemoval  of  the  hair  ^ 
the  use  of  antiseptic  solutions  (1: 1,000  bichloride,  absolute  alcohol,  etc.)  ^jsit 
ally  bring  about  a  gradual  cure.  Hydroa  vacciniforme  (summer  erupt«w; 
is  a  very  rare  recurring  skin  disease  which  occurs  chiefly  in  children  oa  the 
face  and  hands,  and  is  caused  by  the  action  of  the  sun.  It  consists  in  the 
formation  of  papules  or  vesicles  up  to  the  size  of  a  bean.  These  dry,  form  a 
scab,  and  a  more  or  less  deep  scar  results.  Myiasis,  a  skin  disease  occurring 
in  animals  and  man,  is  caused  by  the  larvae  of  two  varieties  of  diptera,  the 
muscides  and  the  oestrides.  It  occms  chiefly  in  Central  America  and  Rusda. 
The  above  insects  lay  their  eggs  in  summer  inside  the  nose,  auditory  canal, 
upon  the  skin,  cutaneous  ulcei's,  etc.,  of  individuals  who  lie  or  sleep  out  of 
doors.  Their  larvae,  which  creep  out  in  a  few  hours,  penetrate  farther  into 
the  tissues.  The  myiasis  muscosa  sometimes  give  rise  to  extensive  destruc- 
tion of  the  soft  parts  and  suppuration  of  the  cranial  and  facial  cavities,  and 
may  prove  fatal  from  sepsis  and  exhaustion,  while  myiasis  oestrosa  is  a  local- 
ised disease  with  a  favourable  prognosis.  I  saw  a  case  of  myiasis  muscoai 
end  fatally  from  meningitis.  Myiasis  of  the  skin  (myiasis  dermatosa)  has  in 
general  a  good  prognosis,  particularly  myiasis  dermatosa  oestrosa,  in  which, 
as  a  rule,  the  larvae  form  passages  in  the  skin  of  different  lengths,  either 
starting  from  an  ulcer  or  the  intact  skin.  The  treatment  of  myiasis  consists 
naturally  in  removal  of  the  larv^j.  In  certain  nervous  states,  such  as  neu- 
rasthenia, hysteria,  and  Graves's  disease,  particularly  when  the  blood  is  in  a 
hydrjemic  condition,  more  or  less  circumscribed  oedema  of  the  skin  some* 
times  occurs,  running  either  an  acute  or  chronic  course.  The  cause  is  mainlx 
an  angioneurosis  or  trophoneurosis  (Sydenham,  Quincke,  J.  Collins,  and 
others).  In  one  case  of  neuropathic  oedema  of  the  skin  of  the  upper  extrem- 
ity following  traumatism  Socin  and  Bircher  obtained  a  cure  by  stretching 
the  brachial  plexus  in  the  axilla.  Certain  drugs  give  rise  to  different  skin 
lesions  in  predisposed  individuals — e.  g.,  antipyrine,  quinine,  potassium  iodide, 
salicylic  acid,  etc.  Caspary  observed  marked  pemphigus  after  the  adminis- 
tration of  antipyrine.  The  administration  of  quinine  is  followed  by  different 
exanthemata  (erythema,  eczema,  purpura,  pemphigus,  etc.). 

All  moist  cutaneous  affections  accompanied  bj  the  formation  of 
blebs  are  best  treated  in  the  manner  described  above  for  eczema— viz., 
by  desiccating  dressings  of  oxide  of  zinc,  with  or  without  previous  or 
simultaneous  ointment  dressings,  such  as  ungnentum  diachylon,  by 
dilute  alcohol,  etc. 

3.  The  Furuncle. — By  a  furuncle  is  understood  an  acute  inflammi- 
tion  of  the  sebaceous  glands  and  hair  follicles,  which  is  always  dae  to 
micro-organisms,  especially  the  Staphylococcus  pyogeties  aureus  and 
alhus.  By  the  penetration  of  the  micro-organisms  into  the  mouths  of 
the  sebaceous  glands  there  is  first  developed  a  pustule  (acne)  about  the 
size  of  a  pin-head,  which  soon  enlarges  into  a  very  painful  nodule  the 
size  of  a  pea  or  bean.  After  a  few  days  suppurative  softening  usuaBj 
develops  in  the  centre  of  the  nodule.  Occasionally  the  inflaramatioi 
extends  more  deeply  and  spreads  into  the  surrounding  parts,  givinj 
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rise  lo  a  cellulitis  with  exteneive  eappuration  or  oecrosis  of  the  nnder- 
lying  fascia.  Some  people  are  very  subjet-t  to  furuncles.  They  eome- 
tiraes  develop  siiuullftueously  in  various  parts  of  the  body  in  indi- 
viduals who  are  otherwise  perfectly  healthy ;  the  same  thing  also 
happens  in  diabetes,  during  the  convalescence  from  typhoid  fever,  etc. 
It  is  interesting  to  note  that  during  tlie  furunculosis  occurring  iu  per- 
fectly healthy  people,  sugar  sometimes  appears  in  the  urine  and  vanishes 
after  the  recovery  from  the  fnninculofiis,  Iu  hospitals  vrhere  the  anti- 
sepsis is  defective  furuncle  epidemics  sometimes  arise. 

Treatment  of  &  Furuncle. ^Tlie  liest  treatment  of  a  furuncle  is  early 
incision  umler  local  aniestliusia  with  cocaine  or  ether  spray,  to  alleviate 
the  painful  tension  and  to  provide  an  escwpe  for  the  pus.  Very  often 
it  is  possible  to  prevent  a  furuncle  from  developing  by  opening  the 
email  acne  pustule  as  soon  as  it  forms  and  disinfecting  it  with  a  one- 
ten  tb-per-cent.  solution  of  bichloride  of  mercury.  In  large,  fully 
developed  furuncles  a  cruciform  incision  should  be  made  and  the 
purulent  masses  carefully  scraped  out.  Ointment  dressings  of  boric- 
acid  ointment  or  vaseline  with  iodoform  are  better  than  dry  dressings. 
Much  time  used  to  be  lost  in  the  treatment  of  furunculosis  by  a  purely 
symptomatic  procedure,  such  as  the  employment  of  ice  and  warm, 
moii^t  applications.  When  there  is  an  extensive  infiltration  of  tbe 
parts  surrounding  the  furuncle,  the  moist,  warm  appHiations  are  no 
doubt  serviceable;  but  the  main  point  is  always  to  lessen  the  tension 
hy  an  incision  at  the  earliest  possible  moment,  and  to  provide  a  means 
of  escape  for  the  pus,  in  order  to  prevent  the  development  of  a  cellu- 
litis with  extensive  necrosis  of  tissue.  As  an  alKirtive  treatment  for 
furuncles  the  parenchymatous  injection  of  three  per  cent,  carbolic 
arid  or  the  application  of  a  drop  of  pure  carlwlic  acid  are  sometimea 
employed. 

The  treatment  for  general  farunculosis  consists  in  the  nee  of  luke- 
warm batliM,  in  regulating  the  diet,  and  in  the  internal  administration 
of  arsenic.  The  local  treatment  is  in  general  the  same  as  that  given 
almve.  Ten  per  cent.  yS-naphthol  paste  and  10-50  per  cent,  resort-in 
paste  are  also  useful.  In  dialietes,  regulation  of  tlie  diet  is  particularly 
important  fmeat,  wine).  It  is  well  known  that  in  diabetes  extensive 
gangrenous  processes  sometimes  occur  in  con jnnctiou  with  a  furuncle ; 
in  this  condition  tbe  knife  should  lie  used  with  caution. 

4.  Carbnocle. —  By  carbuncle  is  understowl  a  collection  of  furuncles 
lying  close  together,  giving  the  skin  the  appoanmce  of  being  perfo- 
rated like  a  sieve  by  separate  foci  of  intfammation.  Here  also  we 
generally  have  to  do  with  infection  by  the  Sfiip/iy/orofniM  ptftig<'nfii 
aureuM  and  alhua.     Tbe  carbuncle  has  a  more  pronounced  tendency 
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than  the  furuncle  to  extend  peripherally.  It  occnrs  particularly  on 
the  neck,  back,  buttocks,  cheeks,  and  lips.  The  carbuncle  in  healthy 
people,  as  a  general  thing,  is  not  dangerous ;  but  it  can  become  com- 
plicated with  extensive  phlegmonous  suppuration  and  necrosis  of  the 
skin  and  deeper  tissues,  with  venous  thromboses,  and  may  terminate 
fatally  from  septicaemia  or  pysemia.  In  a  carbuncle  involving  the  lipe, 
cheeks,  or  neck  there  is  reason  for  fearing  an  extension  of  the  inflam- 
mation to  the  cranial  cavity,  as  cases  in  which  this  happens  often  ran 
a  rapidly  fatal  course.  When  the  patient  has  diabetes  the  gangrenoofi 
destruction  of  tissue  is  often  very  considerable,  and  not  infrequently, 
as  a  result  of  the  extensive  gangrene,  and  in  spite  of  energetic  and 
suitable  local  surgical  treatment,  death  will  occur  from  sepeifl  or 
pyffimia. 

The  Treatment  of  a  Carbuncle  is  essentially  the  same  as  for  a  fu- 
runcle, and  the  incisions  should  be  made  as  early  as  possible.  TLeir 
number  will  depend  upon  the  extent  of  the  inflammation,  though  in 
small  carbuncles  it  is  sufficient  to  make  one  longitudinal  or  cruciform 
incision  down  to  healthy  tissue.  If  the  suppuration  and  necrosis  of 
the  tissues  are  sufficiently  far  advanced,  I  remove  the  softened  gan- 
grenous and  suppurating  parts  with  a  sharp  spoon,  scissors,  aud  for- 
ceps, and  disinfect  the  focus  most  carefully  with  a  one-tenth-per-cent 
solution  of  bichloride  of  mercury.  For  dressings  I  prefer  iodoform, 
dermatol,  or  zinc  oxide  with  boric  ointment  or  vaseline.  Moist  warm 
applications  are  excellent  for  softening  areas  containing  an  inflamma- 
tory infiltration.  Later  on  we  should  always  be  on  the  alert  to  pre- 
vent any  burrowing  of  pus,  any  retention  of  the  discharges,  etc.  Ac- 
cording to  the  extent  of  the  inflammation,  the  antiseptic  dressing 
should  be  changed  once  or  twice  a  day,  or  every  two  to  three  days. 
This  energetic  operative  treatment  of  a  cafbuncle  is  better  thau  the  old- 
fashioned  symptomatic  method,  which  avoided  the  use  of  the  knifa 
The  strength  of  old  people,  in  particular,  should  be  sustained  by  no- 
tritious  food,  by  wine,  etc.  Cutaneous  defects — loss  of  skin  subj^tance 
on  the  face,  for  example — should  be  remedied  by  plastic  operations. 

The  anthrax  carbuncle  {piistul<i  maligtia)  is  described  in  §  77,  and 
acute  inflammation  of  the  skin  and  cellular  tissue  (cellulitis)  in  §  70. 

5.  The  Chronic  Inflammations  of  the  Skin  and  Subontaneoni  CeUdff 
Tissue— Lupus. — Of  the  chronic  inflammations  of  the  skin  I  shall  W 
take  up  lupus,  a  disease  which  is  to  be  regarded,  in  the  main,  as  * 
tuberculosis  of  the  skin  (see  §  S3).  As  a  proof  of  this,  tubercle  baoffi 
are  found  in  the  lupus  foci  (see  page  416).  By  the  inoculation  of 
lupous  tissue  into  the  peritonaeum  or  the  anterior  chaml)er  of  the  eye 
of  guinea-pigs  and  rabbits  unquestionable  typical  tuberculosis  is  pro 
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dnced.  The  toxines  of  tubercle  bacilli  can  also,  as  stated  on  page  418, 
cauBe  cutaneous  diseases  in  tubercular  subjects ;  tubercle  bacilli  can 
Dot  be  demonstrated  in  these  chronic  exanthematous  lesions  (Boeck). 
A&  regards  the  pathological  changes  in  lupus,  I  must  refer  the  reader 
to  the  detailed  description  of  tuberculosis  in  §  83 ;  we  shall  discuss 
here  only  the  following  clinical  aspects  of  the  disease.  Lupus  is  par- 
ticularly apt  to  occur  on  the  face,  though  it  also  appears  on  other  por- 
tions of  the  body,  such  as  the  extremities.  Lupus  originates  by  the 
tobercle  bacilli  finding  lodgment  in  the  normal  pores  of  the  skin,  or 
in  some  wound  which  may  be  a  very  small  cutaneous  injury  or  an 
abrasion.  Not  infrequently  it  may  be  proved  to  have  originated  by 
boculation  or  by  contact  with  people  having  tuberculosis.  This  lupus 
coming  from  inoculation,  as  a  result  of  a  direct  infection,  and  occurring 
in  individuals  otherwise  perfectly  healthy,  I  believe  to  be  much  more 
common  than  has  hitherto  been  supposed.  Besnier,  Unna,  and  Phil- 
lipeon  have  observed  an  acute  dissemination  of  lupus  nodules  over  the 
entire  body.  In  lupus  of  the  skin  the  pathological  changes  consist  in 
the  formation  of  small  nodules  made  up  of  typical  tubercles.  The 
nodules  may  disappear  by  absorption,  or  break  down  and  suppurate, 
giving  rise  to  corresponding  losses  of  substance  in  the  skin — i.  e., 
nicers.  In  combination  with  the  nodules  and  ulcers  a  diffuse  infil- 
teition  and  hyperplasia  of  the  tissues  is  frequently  observed.  The 
epitheUum  often  proliferates  in  an  atypical  form  growing  into  the 
Bobcutaneous  cellular  tissue  and  giving  rise  to  formations  similar  to 
carcinoma. 

As  regards  further  pathological  changes  in  lupus,  I  nmst  refer  the 
reader,  as  I  have  before  remarked,  to  the  detailed  description  of  tuber- 
culosis in  §  83.  We  shall  confine  ourselves  here  to  its  clinical  and 
therapeutic  aspects. 

Clinically,  three  forms  are  distinguished  :  lupus  maculosus  (or  lupus 
cxfoliativns),  lupus  exulcerans,  and  lupus  hypertrophicus.  In  luj/us 
fMcuhsus^  red  or  yellowish-brown  smooth  spots  are  formed,  with  a 
cracked,  exfoliating,  epidermic  covering  (lupus  exfoliativus).  In  some 
caaes  lupus  maculosus  extends  rapidly  from  tlie  original  loc4ition  with 
the  formation  of  circumscribed  areas  and  symptoms  of  fever  and  dis- 
tortMince  of  the  general  health ;  such  patients  sometimes  die  with  the 
ijmptoms  of  general  sepsis.  If  there  is  destruction  of  tissue,  corre- 
ponding  ulcers  result,  generally  covered  with  crusts  (lupus  exulce- 
iDs),  which  may  lead  to  extensive  destruction  of  the  skin  and  adjoin- 
\g  parts,  especially  upon  the  nose,  cheeks,  lips,  etc.  (Fig.  367).  Very 
ten  the  process  extends  at  the  peripheral  portion  of  the  diseased 
ea,  while  in  the  centre  a  smooth  or  seamed  cicatricial  tissue  develops. 


Fio.  SfiT.—Lupiu  of  tlie  Tace  ( Eainarch). 
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In  lupus  exulcerans  there  will  be  found,  in  addition  to  th( 
bacilli,  pus  cocci,  especially  the  Slapkylocoecue  pyogenes  aur 
cordiDf^  to  Leloir  ftnd  Tavc 
ulcerative  chaDges  occarritij 
are  mainly  dae  to  the  pne  & 
come  from  wdthout.  C&zin 
hyaline  flakes  in  the  connec 
of  ulcerating  Inpne.  They 
deep  stain,  with  crystal  vioh 
ing  to  Kiihne),  and  are  siin 
bodies  found  by  Ruseel  i 
Uoinata.  The  nodular  forr 
is  called  lupus  hypertroph 
368).  When  there  is  a  ma 
formation  and  dilatation 
the  process  is  called  lupus 
tades.  Between  these  differ 
there  are  numerous  transit 
which  often  occur  close  I 
another  in  the  same  Inpotis  collection.  The  clini- 
cal course  of  lupus  is  usually  very  chronic.  It 
generally  begins  in  children  from  four  to  twelve 
years  of  age,  or  later,  and  often  lasts  for  many 
years.  In  consequence  of  the  losses  of  substance 
and  marked  cicatricial  shrinkage  or  diffuse  cicatri- 
cial thickening,  bad  deformities  result,  particular- 
ly on  the  face,  the  treatment  of  which  will  be  dis- 
cussed in  the  Regional  Surgery.  Not  infrequently 
patients  with  lupus  die  of  tuberculosis  of  the  in- 
ternal organs — of  the  lungs,  for  example.  Some- 
times epitheliomata  originate  in  lupous  foci  and 
cicatrices  (Fig.  369). 

Treatment  of  Lnpua. — The  treatment  of  lupus 
consists,  in  addition  to  a  suitably  invigorating 
mode  of  life  (see  §  83,  Tuberculosis),  mainly  in 
adopting  energetic  local  surgical  measures,  such 
as  excision  of  tlie  lupous  disease  or  its  destruction  Fm.  ass.— l 
with  the  sharp  spoon  {Volkmann,  page  77),  the  (BuMh 

Paqueliu  thermo -cautery  (see  page  79),  or  the  gal- 
vano-cautery  (see  page  80).     The  earlier  a  lupus  is  reniovei 
pation  with  the  knife  the  sooner  may  permanent  recovery  bi 
The  wound  from  the  excision  is  either  simply  closed  by  i 
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if  this  is  inipoBBible  on  account  of  too  great  a  lose  of  Bubetance,  the 
cutaneous  defect  is  reuiedied  by  plastic  operations  (see  page  140),  or 
Ij  Thierscli  skin  grafts  (see  page  14:7).  Tbe  plastic  operation  or  trans- 
plantation of  skin  prevents  the  troublesome  consequences  produced  by 
dntricial  contraction,  and  is  especially  valuable  in  preventing  recur- 
RDces.  By  excision  of  tbe  lupus  and  making  use  of  Thiersch  skin 
paffe,  particularly  on  the  face.  I  have  obtained  very  satisfactory 
nsnlts  and  have  prevented  or  overcome  bad  deformities.  Punctures 
made  with  a  gaivano-catitery  curved  at  the  end,  or  with  the  line  tip 
of  the  Paqnelin  cautery,  are  exceedingly  serviceable  for  the  pure  macu- 
iaror  exfoliating  lupus,  such  as  occurs  upon  the  face.  Thayer  recom- 
mends destruction  of  lapns  by  the  sun's  rays  which  are  concentrated 
bj  means  of  a  lens  upon  the  lupous  skin-area;  the  wound  resulting 
from  the  burn  heals  quickly  and  well.  The  Kontgen  raye  have  been 
osed  in  the  same  way.  We  destroy 
hpQB  ezulcerans  and  hypertrophicus 
bj  vigorous  scraping  with  the  sharp 
^n,  or  by  nsing  the  Faquelin  ther- 
mo-cautery,  in  case  excision  is  impos- 
ab!e.  I  have  given  up  the  use  of  caus- 
tb  altogether  (caustic  potash,  copper 

uijhatey  nitric  or  chromic  acid,  etc.). 

Kieanowski  speaks  well  of  canteriza- 

teirith  powdered  permanganate  of 

IrtMnam,   which    is   applied   to   the 

hpoDB  skin  area  in  a  layer  two  to  five 
I  thick.     Liebreieh   recom- 


MBdS  tbe    subcutaneous   injection    of       Fio.  sea.— Epitheliamanf  tbe  left  orbitad 

ttnAaridic  acid  or  of  the  cantharidate  "iareoid'  ""*"*  *"  *°  ony-exg  t 
of  potweium.      Tbe  numerous  other 

KDwdiea,  chiefly  antiseptics,  and  many  of  the  ointments  which  have 
b«a  recommended  for  the  local  treatment,  are  in  my  experience  of 
little  value ;  permanent  cures  are  rare.  In  cases,  however,  that  are 
not  adapted  to  excision  pyrogallic  acid  in  ointment  form  (1 :  10),  sali- 
'^.'lic-creoBote  plaster  (Cnna),  Lassar's  paste  or  Unna's  mercurial  plaster 
•fe  very  nsefnl,  particularly  after  previous  scraping  with  a  shar])  spoon 
fi"  puncture  with  the  thermo-  or  galvano-cautery.  The  constitutional 
treatment  by  strengtliening  food,  good  air,  sea  i)ath8,  proper  climate, 
etc.,  is,  next  to  the  energetic  local  treatment,  of  the  greatest  impor- 
taoce,  especially  for  preventing  any  recurrence  of  the  disease.  The 
treatment  of  lupus  by  Koch's  tuberculin  is  described  on  page  431, 
Actual  cures  by  tuberculin  are  rarely  obtained.     I  have  never  seen 
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one.  In  the  course  of  the  treatment,  after  apparent  improvement  bag 
occnrred  in  the  affected  portion  of  skin,  I  have  excised  a  piece  of  the 
latter  and  fonnd  in  the  deeper  parte,  under  the  healed  external  cnts- 
neoue  covering,  eruptione  of  new  tubercles. 

6.  Uloert  of  the  Skin. — By  ulceration  is  understood  a  grannlatiiig 
defect  in  the  skin  accompanied  by  a  suppurative  breaking  down  of  Ibe 
granulations,  which  shows  no  tendency  to  heal.  Ulcers  present  great 
differences  as  regards  their  size,  charac- 
ter, and  course.  The  causes  of  an  nlctr, 
ite  location,  and  the  general  conditioa 
of  the  patient,  have  a  most  important 
bearing  upon  its  clinical  course.  Ac- 
cording to  the  intensity  of  the  reactive 
inflammation,  we  make  a  distinction 
between  atonic  or  torpid  ulcers  and 
inflammatory  ulcers.  There  are  great 
differences  in  the  shapes  of  ulcers,  some 
being  round,  others  haLf-moon-6lia])e<i, 
circular,  or  irregular  in  outline.  The 
surface  of  an  ulcer  may  be  smooth  or 
sunken,  or  more  or  less  prominent.  Ac- 
cording to  the  character  of  tlie  snrfsce 
of  the  ulcer  or  its  base  we  distingniEfa 
oedematouB,  hemorrhagic,  gangrenous, 
sloughing,  and  fungous  ulcers ;  the  lat- 
ter are  marked  by  prominent,  spongy, 
inflamed  granulations.  Very  often  * 
canal,  or  fistula,  as  it  is  called,  extends 
from  the  ulcer  to  a  greater  or  less  depth 
into  the  subjacent  parts.  The  fistulas  (from  jwtula,  a  pipe),  as  a  gen- 
eral thing,  originate  from  some  deeply  placed  focus  of  inflammation 
which  has  gradually  made  its  way  to  the  surface.  The  edges  of  an 
ulcer  may  be  eitlier  more  or  less  normal,  flat  or  swollen,  or  hard  and 
like  a  wall  (callous  ulcer),  or  undermined  (einuous  ulcer).  Phagedenit 
ulcers  {tfMvyeScut^,  from  <fniyelv,  to  eat)  are  those  which  increase  mon 
or  less  rapidly  in  circumference  analogously  to  the  hospital  gangrene 
of  wounds  (see  g  72). 

The  causes  of  ulcers  arc  very  numerous,  and  are  sometimes  locsl 
and  sometimes  constitutional.  Ulcers  originate  from  tranmatdsma  of 
various  descriptions,  from  stasis,  or  from  the  suppurative  breaking 
down  of  tumours  and  products  of  inflammation,  such  as  syphilis  (§  8i\ 
tuberculosis  (§  83)  lupus  and  leprosy  (§  85).      The  varicose  nicer  of  the 
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leg,  of  so  comtiioii  occurrence,  develops  from  inflaniinaCory  stasis  in  the 
leg  in  conjanction  with  dilated  veins  (varices,  Fig,  371.').  When  varices 
exist,  any  mild  inflammation,  a  slight  traumatism,  or  an  eczema  vesicle 
may,  as  a  result  of  the  venous  stasis,  give  rise  to  an  ulcer,  since  repair,  or 
the  formation  of  normal  granulation  tissue,  is  rendered  difficult  by  the 
dii^tiirbance  in  the  circulation.  Ulcers  may  also  originate  when  in  any 
portion  of  the  body  a  necrosis  of  the  skin  is  brought  about  by  pressure. 
In  this  class  belong  the  bedsores  which  occur  upon  the  sacrum,  over 
the  trochanters,  on  the  heel,  etc.,  in  individuals  whose  nutrition  is 
impaired  and  whose  circulation,  as  a  result  of  anaemia  and  cardiac  weak- 
ness, is  imperfect.  Trophoneurotic  gangrene  and  ulcerative  processes 
occur  in  paralytic  conditions  and  other  diseases  of  the  nervous  sys- 
tem. Great  interest  attaches  to  the  often  multiple,  neurotic  nlcera 
of  the  skin  occurring  in  conjunction  with  gangrene  of  the  skin,  as  a 
result  of  ascending  neuritis  with  secondary  disease  of  certain  central 
portions  of  the  spinal  cord  (Doutrelepont,  Kopp,  and  others).  The 
soft  and  hard  chancres  have  been  mentioned  in  g  84. 

Fendjeh  THoeT. — A  [wculiar  ulcer  occurs  in  Pendjeh  in  the  form  of  a 
plague,  which  in  the  last  few  years  h&a  attacked  priuctpaljy  tlie  RiissiBD 
troops  in  Transkaspian.  more  especially  in  the  deparLment  of  Murgliab.  In 
1886  ninety  per  cent  of  all  the  troops  in  tliis  department  suffered  from  the 
disease.  The  latter  is  characterised  by  the  formation  of.  e.  g.,  twenty  to  forty 
to  sixty  to  ninety  vesicles  and  ulcers  over  the  entire  body  withuut  marked 
disturbance  of  the  g;eneral  health.  The  disease  lasts  from  three  to  six  months 
— on  an  average  three  and  a  half  months.  The  cause  of  the  ulcers  is  tliought 
to  be  a  micpo^irganism  occurring  in  the  Murgliab  water  which  reaches  the 
human  body  with  the  mist  and  dust  and  infecU  the  skin.  The  treatment  uf 
the  ulcers  is  the  usual  one.  Subor  recommends  a  flve-per-cenL  alcoholic  solu- 
tion of  methyl -violet,  which  is  painted  upon  the  surface  of  the  ulcer  after 
the  latl«r  lias  been  disinfected  with  bichloride.  The  ulcers  are  then  left 
expoticd,  only  the  larger  ones  l>eing  covered  with  gaiue  and  cotton. 

Treatment  of  IHcen. — The  treatment  of  ulcers  varies  with  their 
cause.  The  latter  must  always  he  carefully  taken  into  account  if  an 
nicer  is  to  be  pro])erIy  treated  ;  for  example,  a  c(mBtitiitional  dyscrasia, 
like  syphilis,  tuberculosis,  or  bad  nutrition,  nervons  diseases,  etc.,  must 
at  the  same  time  be  attended  to.  The  treatment  of  every  ulcer  should 
be  conducted  upon  antiseptic  principles.  Dressings  with  iodoform, 
dennatol,  oxide  of  zinc,  bismuth,  naphthaline,  with  or  without  oint- 
ments (Iwric-acid  ointment),  are  excellent.  The  numerous  antiseptic 
materials  for  covering  a  wound  Ipowder,  ointments,  etc.)  are  enumer- 
ated in  fj§  45,  4ft.  Gangrenous  phagedenic  ulcers  are  best  treated  by 
scraping  them  with  a  sharp  spoon,  by  cauterisation  with  caustic  potash, 
the  Faquelin  or  galvano-cautery.    In  large  ulcers  the  nee  of  perma- 


638    INJURIES  AND  SURGICAL  DISEASES  OP  THE  SOFT  PARTS. 

nent  irrigation  (page  181),  or  a  bath  for  the  entire  body  (page  182),  are 
sometimes  advantageous.  It  is  very  important  to  prevent  any  stasis, 
any  disturbance  of  circulation,  by  placing  the  parts  in  a  suitable  poa- 
tion,  by  rest,  etc.  In  varicose  ulcers  of  the  leg,  satisfactory  results 
are  often  obtained  by  enveloping  the  leg  in  Martin's  elastic  bandage, 
which  possesses  the  great  advantages  of  not  confining  the  patient  to 
bed  and  of  allowing  liiiii  to  attend  to  his  business.  Not  infrequently, 
however,  Martin's  elastic  bandage  is  not  well  borne,  as  it  excites  a  per- 
sistent eczema,  which  should  be  treated  as  described  on  page  528.  If 
the  borders  of  the  ulcer  are  slightly  movable,  circumci^n  of  the  ulcer 
is  an  excellent  means  of  making  it  possible  for  the  base  of  the  ulcer  to 
contract,  thus  hastening  the  healing  (Nussbaum).  The  circumcision  is 
performed  by  carrying  an  incision  through  the  skin  down  to  the  fascia, 
around  the  ulcer  some  one  to  two  to  three  centimetres  from  its  edge. 
A  very  good  method  of  treatment  of  varicose  ulcers  of  the  leg  con- 
sists in  ligation  of  the  internal  saphenous  vein  on  the  inner  side  of  the 
thigh  about  a  hand's  breadth  above  the  internal  condyle  of  the  femur, 
with  or  without  circumcision  of  the  ulcer  (Trendelenburg.  Perthes 
reported  sixty-three  cases  of  varicose  veins  of  the  leg  which  were 
treated  in  this  way,  among  which  were  fifty -four  ulcers  of  the  leg;  the 
latter  healed  in  most  cases  soon  after  the  operation.  For  hastening 
the  growth  of  skin  over  the  ulcer,  Thiersch's  method  of  skin  grafting 
(§  42)  is  particularly  serviceable  after  previously  freshening  or  scrap- 
ing off  the  base  of  the  ulcer  with  a  sharp  spoon.  Circumcision  of  the 
ulcer  can  be  combined  to  good  advantage  with  skin  grafting.  The 
latter  procedure  has  taken  the  place  of  the  implantation  of  skin  flaps 
with  pedicles  taken  from  immediately  adjoining  or  distant  portions  of 
the  body,  and  which  were  formerly  much  in  vogue.  Maas  in  particu- 
lar has  obtained  good  results  from  the  implantation  of  pedunculated 
skin  flaps  taken  from  a  distant  portion  of  the  body.  He  recommendfi 
that  the  flap  to  be  transplanted  be  cut  as  much  as  possible  in  the 
direction  of  the  course  of  the  vessels,  and,  after  previously  removing 
the  layer  of  granulations  in  the  defect  with  a  sharp  spoon,  the  edges  of 
the  ulcer  should  be  freshened  all  around  ;  the  flap  is  then  united  by 
sutures  to  the  borders  of  the  defect  and  by  buried  sutures  to  its  sur- 
face. The  wounded  and  exposed  portion  of  the  flap  is  prevented 
from  drying  by  being  covered  with  a  plentiful  amount  of  boric-acid 
ointment  spread  on  gauze.  An  antiseptic  dressing  is  placed  over 
everything,  and  the  portions  of  the  body  under  treatment  are  com- 
pletely immobilised  by  a  plaster-of-Paris  dressing.  Whenever  possi- 
ble, the  (Iressincr  is  left  undisturbed  for  fourteen  days  and  then  th( 
pedicle  of  the  flap  is  divided.     In  this  way  a  flap  can  be  transplanter 
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from  the  breast  to  the  arm,  from  one  leg  to  the  other,  and  from  the 
npper  extreuiity  to  the  face,  and  jomts  can  thus  be  made  movable 
which  were  previously  stiffened  by  cieatrieial  contratlures — i.  e.,  had 
lo8t  their  function.  In  concluBion,  I  should  mention  that  hypertrophic 
bone  under  the  base  of  an  ulcer — in  the  tibia,  for  example— must  be 
carefully  levelled  off  with  the  chisel ;  any  undermined  boi-ders  around 
an  ulcer  should  be  excised,  iietulEB  should  be  laid  open,  etc.  In 
many  cases  of  extensive  ulceration,  when  repair  is  inipt)S6ible  or  the 
affected  limb  is  useless,  amputation  may  be  indicated.  It  should  be 
borne  in  mind  that,  as  a  result  of  the  exposure  and  erosion  of  a  vessel 
by  an  ulcer,  a  serious  or  even  fatal  htemorrba^  may  occur,  unless  aid 
can  be  speedily  obtained. 

Sonrvy  cSoorbutui)  and  tlui  TTlcera  whicli  occur  with  it— Ulcere  also  occur 
in  scurvy,  especiaUy  on  tlie  gTinis,  iu  the  u[i|>cr  iKirlioii  of  the  cavity  of  the 
mouth,  and  on  the  lips.  Tbe  g-ums  swell  hs  a  result  of  ha'morrhages,  become 
bluish  red.  and  then  break  down  into  pei-uliar  bluish-red  ulcers  with  bluish- 
green  borders  and  graDUJations,  which  bleed  easily.  In  other  respects  scurvy 
is  characterised  by  hscniorrhages  into  the  skin  and  the  subculancous  cellular 
tissue  (purpura  scorbutica),  into  the  muscles,  joints,  and  from  the  intestine, 
by  general  emaciation,  aiia^nila,  and  hydriL'mia.  Scorbutus  now  occurs  less 
often  than  formerly.  It  is  to  be  regarded  essentially  as  a  severe  cachexia,  or 
a  general  disturbance  of  nutrition,  involving  particularly  the  walla  of  the 
blood-vessels.  Whether  micro-organisms  play  any  part  in  the  origin  of 
scurvy  is  still  a  matter  of  uncertainty.  The  disease  occurs  endemieally, 
especially  among  individuals  who  live  under  unfavourable  estemal  condi- 
tions, such  as  sailors  who  have  eaten  for  a  long  time  only  salted  meat  with- 
out any  fresh  vegetable  food.  It  also  occurs  in  damp,  badly  ventilated  and 
crowded  quarters  (prisons,  barracks,  etc.).  Scorbutus  has  ouly  a  slight  in- 
terest for  the  surgeon,  so  that  we  must  refer  the  reader  to  the  text-books  on 
internal  medicine.  The  prognosis  of  this  affection,  which  for  the  most  part 
runs  a  chronic  course,  depend.t  upon  the  possibility  of  speedily  removing  the 
unfavourable  hygienic  conditions.  Hence  the  treatment  consists  mainly  in 
providing  good  dwellings  and  good  food  (fresh  meat,  fresh  vegetables).  In 
addition  to  this,  acids— particularly  vegetable  acids— are  beneficial  in  the 
form  of  fresh  watercress  and  sorrel.  Since  legislation  has  provided  that 
ships,  prisons,  etc.,  should  be  well  supplied  with  food,  and  tliat  the  inmittcs 
of  prisons  obtain  fresh  vegetables  in  sufficient  quantity,  scurvy  has  become 
less  common.  The  ulcers  in  the  mouth  should  be  treated  by  mild  cuulerisa- 
tion  with  nitrate  of  silver,  iodoform,  and  gargles  of  three  i»er  cent,  chlorate 
of  potash  or  boric  acid. 

Other  Anomaliea  of  Qraniilating'Woniida.-In  addition  to  the  ulcerative 
destnictioii  of  gninulations  tliPi-e  an'  still  other  anomalies  of  granulating 
wounds  which  interfere  with  their  healing,  and  these  we  shall  discuss  briefly. 
By  fungous  or  si>ongy  granulations  are  understood  those  which  project  above 
the  level  of  the  surface  of  the  wound  in  the  form  of  a  fungus.  Soft  exuber- 
ant granulations  like  these  are  observed  in  tuberculosis  especially,  and  also 
when  there  are  any  hindrances  to  healing, such  as  those  due  to  induration  of 
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the  surrounding  parts,  or  to  the  presence  of  a  foreign  body,  or  a  necrotic 
piece  of  bone— a  sequeatrum,  as  it  is  called — in  the  depths  of  the  uround. 
The  treatment  of  these  fungous  granulations  consists  in  removing  the  aban- 
mentioned  causes  and  in  applying  energetic  cauterisation  with  the  nitrate- 
of-silver  stick.  Pivssure  also  does  good  service.  When  necessary,  the  gmt- 
ulations  muy  be  removed  by  a  sharp  spoon,  the  thermo-cautery,  or  simplf  b; 
the  knife  or  scissors,  and  the  wound  surface  covered  with  very  small  piecta 
of  skin  by  Thiersch's  method  (S  42). 

Initablfl  tnoer.— By  irritable  ulcer  very  painful  granulations  are  rawnl, 
which  bleed  easily.  It  is  not  known  upon  what  the  painfulness  of  tb«e 
granulations  really  depends,  and  it  is  the  more  remarkable  from  the  bd 
that  granulation  tissue  usually  possesses  no  nerves.  The  affection  is  «b- 
served  moat  commonly  in  ana>mic  or  hysterical  individuals.  The  besttjat- 
ment  cunsisU  in  the  application  of  desiccating  powder  dressings  (iodoform, 
bismuth,dermatol),  orin  the  removal  of  the  painful  granulations  bycaustio, 
or,  better,  with  scissors  or  the  sharp  spoon,  followed  by  transplantatioo  o( 


7.  ElephBntiasu. — By  elephantiasis  (elephantiasis  Arabum  or  parbj- 
dennia  aequitiita)  ib  understood  an  extensive  hyperplastic  thickeouf 
of  the  skin  and  sabcntaneoiiB  cel- 
lular tissne  over  large  portioDs  of 
the  body,  most  frequently  obeerred 
upon  the  lower  extremities  rad 
genitals  (Fig.  371).  The  hyper- 
plasia of  the  tisenes  may  develop 
in  conjunction  with  various  chronic 
and  frequently  recnrring  inliwn- 
matioDs,  such  as  chronic  eczema, 
ulcerations,  chronic  periostitis  and 
OBteomyelitis,  erysipelatous  and 
lymphangitic  processes,  lymph  its- 
sis,  injuries  to  nerves,  etc.  A  s«- 
ond  form  of  elephantiasis  is  the 
result  of  a  chronic  affection,  tie 
nature  of  which  is  still  nnknoTit, 
and  occurs  endemically  in  tropical 
and  subtropical  countries  (Central 
America,  Arabia,  India),  while  in 
Europe  only  sporadic  cases  are  ob- 
served. In  its  epidemic  form  the 
process  is  due  in  many  in^Dca 
to  the  presence  of  the  filaria  Bancroft!  (or  medinensis),  which,  with  ite 
embryos,  iuhiibits  tiie  lymphatic  vessels  and  causes  lymph  stases  and 
inflammations,  particularly  of  the  external  genitals,  the  tbigli,  and  peri- 
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toneal  cavity.  The  invasion  of  the  filaria  does  not  in  every  case  give 
rise  to  elephantiasis,  and  as  a  matter  of  fact  the  parasites  have  not 
been  found  in  the  majority  of  cases.  The  thread-like  worm  is  8  to  10 
centimetres  long,  and  its  larvae  about  0.35  millimetres.  They  probably 
enter  the  human  organism,  the  lymphatic  vessels,  and  the  blood  from 
the  intestine  (Manson,  Scheube). 

The  portions  of  skin  involved  in  the  elephantiasis  are  sometimes 
dense  and  hard  (elephantiasis  dura)  and  sometimes  made  up  of  soft, 
greyish-white  tissue  (elephantiasis  mollis),  and  often  contain  greatly 
dilated  lymphatic  vessels  (elephantiasis  lymphangiectatiea).     Elephan- 
tiasis is  occasionally  congenital,  and  may  be  a  result  of  abnormal  devel- 
opment and  new  formation  of  blood  and  lymphatic  vessels  (elephanti- 
asis congenita  telangiectodes  and   £.  lymphangiectodes).     (See  also 
Tumours.)     In  rare  instances  an  inherited  elephantiasis  is  observed. 
Some  forms  of  tumours,  such  as  the   soft  diffuse  fibromata,  neuro- 
fibromata,  and  plexif  orm  neuromata,  may  resemble  a  circumscribed  ele- 
phantiasis. 

Treatment  of  Elephantiatia — The  treatment  of  elephantiasis  in  the 
l)eginning  of  the  disease  is  directed  towards  the  cause,  particularly  the 
inflammatory  changes  in  the  affected  portions  of  the  body.  Envelop- 
ing the  parts  in  elastic  bandages,  placing  them  in  an  elevated  position, 
injections  of  alcohol,  ligation  of  the  main  afferent  artery,  punctate  cau- 
terisation, repeated  spindle-shaped  excisions,  and  total  removal  of  an 
elephantiatic  scrotum  or  of  the  affected  extremities  by  amputation  or 
disarticulation,  have  all  been  employed  (see  Regional  Surgery). 

XyxflBdema  (see  also  Regional  Surgery). — Myxoedema  is  a  well- 
characterised  disease  of  great  pathological  interest  which  is  much  more 
common  in  some  countries  than  in  others.  It  has  been  studied  chiefly 
by  Gull,  Ord,  Virchow,  Horsley,  Eiselsberg,  Ewald,  and  others.  There 
have  been  differentiated  an  idiopathic,  a  postoperative,  and  an  infantile 
fonn  (sporadic  cretinism).  The  disease,  which  was  first  described  by 
Gull  in  1873  as  the  *'  cretinoid  condition,"  affects  women  more  often 
than  men,  especially  those  of  middle  age.  There  is  always  a  destruc- 
tive change,  such  as  fibroid  degeneration,  interstitial  connective-tissue 
development,  or  other  disease  of  the  thyroid  gland,  the  latter  being 
•ometiraes  enlarged  and  sometimes  atrophic.  Myxoedema  has  also 
wen  observed  in  connection  with  syphilitic  disease  of  the  thyroid 
gland.  The  interstitial  connective-tissue  growth  generally  present  in 
the  thyroid  is  mainly  the  result  of  an  inflammatory  process,  and  is  also 
very  frequently  found  in  the  skin  and  in  the  internal  organs.  A  pro- 
Donnced  excess  of  mucin  is  found  in  the  skin  and  blood  ;  the  amount 
of  haemoglobin  in  the  blood  is  diminished,  while  the  amount  of  red 
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corpascles  and  fibrin  varies,  being  sometimes  diminished  and  sometimay 
increased.  The  power  of  the  red  blood-corpuscles  to  take  up  oijgen 
may  be  greatly  diminished.  The  skin,  particularly  of  the  face  aod 
extremities,  is  characteristically  swollen.  There  are  also  disturbances 
of  speech,  of  motion,  and  of  intellect,  and,  in  brief,  a  remarkable 
decline  of  the  bodily  and  mental  functions.  In  youthful  individuab 
the  normal  development  does  not  take  place  (dwarfs,  etc.).  Myxcedema 
is  extremely  rare  in  childhood.  I  observed  a  case  in  a  boy  three  years 
of  age  due  to  congenital  absence  of  the  thyroid  gland. 

By  experimental  extirpation  of  the  thyroid  gland  in  animals,  and  by 
its  total  extirpation  in  man,  there  is  produced  a  form  of  disease,  the 
so-called  cachexia  strumipriva  or  thyreopriva,  which  corresponds  in 
all  respects  to  myxoedema,  and  hence  only  a  partial  removal  of  the 
thyroid  gland  is  allowable  in  man.  Myxoedema  has  also  been  observed 
after  partial  extirpation  of  the  degenerated  gland  when  the  retained 
portion  atrophied  with  remarkable  rapidity  (Kohler).  Sometimes 
myxoedema  takes  several  years  to  develop  after  removal  of  a  goitre. 
Seldovvitsch  observed  myxoedema  after  removal  of  an  accessory  gland 
at  the  base  of  the  tongue  (see  also  Kegional  Surgery).  ScbifiE  and 
Eiselsberg  demonstrated  that  animals  withstand  total  extirpation  of 
the  thyroid  gland  if  their  own  thyroid  gland,  or  one  taken  from 
another  animal  of  the  same  species,  is  successfully  implanted  in  the 
peritoneal  cavity  and  resumes  its  normal  function  there.  The  function 
of  the  thyroid  gland,  which  is  to  prevent  the  accumulation  in  the 
body  of  mucin,  is  disturbed  in  myxoedema.  Therefore  myxoedema 
may  originate  from  operative  removal  as  well  as  from  degeneration  of 
the  thyroid  gland,  and  is  probably  identical  with  the  so-called  sporadic 
cretinism  which  occurs  in  children,  and  is  closely  related  to  endemic 
cretinism.  The  course  is  usually  chronic,  but  sometimes  acute.  The 
prognosis  was  at  one  time  very  unfavourable,  the  disease  usually  termi- 
nating by  death  in  a  few  years,  sometimes  with  tetanic  manifestations. 
In  recent  times  improvement  and  even  cures  have  taken  place  after 
the  internal  administration  of  the  thyroid  gland  of  sheep  and  calves. 

Treatment — The  best  treatment  consists  in  the  administration  of 
the  thyroid-gland  material  from  sheep  and  calves.  Caution  is,  how- 
ever, necessary,  as  symptoms  of  poisoning  (collapse,  rapid  pulse,  car- 
diac weakness,  Graves's  disease,  etc.)  have  been  observed.  The  U6e  of 
the  fresh  thyroid  gland  is  much  less  often  followed  by  symptoms  of 
poisoniug  than  is  the  administration  of  the  various  preparations  of  the 
dried  gland.  The  thyroid -feeding  is  continued  as  long  as  possible,  and 
small  doses  should  be  used  at  tirst.  The  gland  has  also  l>een  used 
with  success  in  cases  of  obesity  and  different  skin  diseases.     Intbe 
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8  about  ten  grammeB  of  the  fresh  gland  are  given  weekly, 

■eo  about  five  grammee.  The  fat  and  outer  fibrous  capsule 
in  as  aseptic  a  manner  as  poBsible,  the  gland  is  cut  into 
spread  on  bread,  and   Beasoned   with   salt  and   pepper. 

oid  tablets  may  also  be  employed.  In  extreme  cases  the 
of  a  fresh  functionating  thyroid  gland  into  the  abdominal 

e  tried  (Eiselsberg).     For  further  particulars  see  Kegional 

itre,  Graves's  Disease,  etc.). 

oa. — By  scleroderma  is  understood  a  circumscribed  or  more  dif- 
ig  of  the  skin,  occurring  rather  suddenly  in  adults,  without 
!s,  and  either  remaining  stationary  or  gradually  extending,  and 
lating  in  atro- 
eroderma  tlie 
1  as  wood,  and 
■ccurs  on  the 
«,  and  the  ex- 
i  nature  is  un- 
omicallf ,  Chi- 
ickeningof  tbe 
a  of  the  skin 
) laces  with  au 
ith  leucocytes, 
f  in  the  main 
inflammation, 
in  one  case  an 
f  the  thoracic 
reatment  con- 
ge, baths,  soft- 
's, and  plenty 
xercise  (gym- 
tng,    running, 

•ma  neonatth 
ig  to  Langer,  is 
stifFeniug  and 
'  the  subcuta- 
r  tissue  in  con- 
lapse  and  low- 
aperature. 
0  Atrophy   of 

jiopathic   atro-  Fio.  372.— lohthyoeiB  (Byrom  BraniwBll). 

in  is  an  exceed- 

isease.  and  the  etiology  is  obscure.    Sometimes  excessive  cold 

ous  influences,  etc..  appear  to  be  the  cause.    The  atrophic  areas 

.-ly  increase  in  circumference,  and  eventually  lead   to  corre- 

flgurements.    As  yet  it  has  been  impossible  to  find  a  success- 
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Bermatolysit. — In  the  so-called  dermatolysis  (Tilbury,  Fox),  the  s1c£ 
without  apparent  change  in  structure,  becomes  too  abundant  and  loose,  gf  v 
ing  rise  to  folds.  The  faces  of  youthful  individuals  may  thus  assume  an 
aged  expression.  The  elasticity  of  the  skin  is  sometimes  very  marked ;  tlx 
skin  of  the  chest  may,  for  example,  be  drawn  up  as  far  as  the  eyes. 

IchthyoUB  (from  Ix^^j  ^sh)  is  usually  a  congenital,  scale-like  thickemng 
of  the  epidermis  involving  generally  the  entire  body  (Fig.  372). 

Hystrieiflmiu  (from  varpi$,  swine's  bristle)  is  also  a  congenital  disease 
and  consists  in  the  formation  of  growths  on  the  skin  resembling  thorns,  and 
results  from  hypertrophy  of  the  papillae  and  epidermis. 

MycouB  fimgoides  {fivxv^*  fungus,  sponge,  tldos,  shape,  form)  is  a  very 
interesting  disease  which  begins  by  the  formation  of  spots  either  isolated  or 
confluent,  which  resemble  sometimes  urticaria  and  sometimes  psoriasis  or 
eczema.  Fungous  tumours  of  semi-soft  consistency  are  then  gradually 
formed  in  various  places  on  the  body  ;  these  break  down  and  disappear  com- 
pletely, leaving  behind  brownish  or  greenish  crusts.  With  the  repeated  fo^ 
mation  of  new  tumours  the  patient  gradually  succumbs  to  an  increasing 
cachexia,  accompanied  usually  by  a  profuse  diarrhcea.  The  new  growtb 
belong  probably  to  the  granulation  tumours.  It  is  possibly  an  infectious 
disease  caused  by  micro-organisms.    The  treatment  is  symptomatic. 

Emphyflema — 1.  e.,  a  collection  of  air  in  the  skin  and  subcutaneous  tis- 
sue— is  observed  most  frequently  after  injuries  of  the  larynx,  trachea,  and 
lungs.  There  can  be  felt  in  such  cases  characteristic  soft  crepitatinor  swell- 
ings. Emphysema  may  gradually  spread  over  the  entire  body  (see  Regional 
Surgery). 

For  tumours  of  the  skin,  see  Tumours,  §§  125  to  130. 

§  94.  Inflammations  and  Surgical  Diseases  of  the  Mucous  Membrane 
— Diseases  of  Miccojis  Membrajies  of  Surgical  Importance, — Brief 
mention  will  be  made  here  only  of  those  diseases  and  inflammatioDS  of 
mucous  membranes  which  are  the  object  of  surgical  treatment  We 
shall  discuss  injuries  in  Regional  Surgery.  As  a  general  rule,  woundB 
of  mucous  membrane,  if  strict  asepsis  is  observed,  heal  readily,  particU' 
larly  under  the  use  of  iodoform. 

Acute  Inflammation. — Acute  inflammation  of  the  mucous  membranes 
occurs  as  an  acute  catarrh  or  acute  catarrhal  inflammation  which  ifl 
characterised  by  hyperffimia,  oedematous  swelling,  and  the  formation 
of  a  discliarge  at  first  poor  in  cells  and  then  containing  large  quantities 
of  them.  Some  of  the  cells  are  extravasated  colourless  blood -corpuscles, 
and  others  desquamated  epithelium.  Not  infrequently  in  catarrh  there 
is  a  developnient  of  vesicles  and  superficial  losses  of  substances— cata^ 
rhal  ulcers.  The  causes  of  catarrhs  may  be  mechanical  or  chemical  in 
nature,  or,  what  is  most  common,  they  may  be  due,  in  the  main,  to 
niicro-orti^anisnis,  as  is,  for  instance,  the  acute  catarrh  of  the  mucoofi 
membrane  of  the  genitals— ^onorrho:^a  (see  page  444).  Catarrhs  which 
occur  as  a  result  of  chemical  irritations  are  produced,  for  example,  by 


the  action  of  mercury  or  iodine ;  manv  individnals  are  rerv  BUficeptihle 
to  these  two  BubataDceg.  Tlie  acute  inflammatiouEi  whicli  follow  the 
use  of  iiierfury  and  attnck  tlie 
cavity  of  tite  moulli  (Btoinatitis  <,'yf^J^<^"*^l§?^ 
mercuria]ia),    are     occasionally  '"■]»■'!' 

oliserved  during  tbe  treatment 
of  a  wound  with  bichloride,  or  t 
during  the  inunction  treatment  , '' 
of  syphilifl,  etc.  (see  page  445). 
Mercurial  stomatitis  is  charac-  _  ~ 
tensed  by  a  swelling  of  the  ''"i 
gums,  salivation,  EweUing  of  the  fiu.  35 
mucous  membrane  of  the  mouth  ^\" 
at  various  points,  and  tlie  for- 
mation of  ulcers.  Mercurial  BtomatitiE,  as  we  shall  see,  is  best  pre- 
vented by  cautious  use  of  bichloride  in  the  treatment  of  wounds,  by 
panng  careful  attention  to  the  cleanlinesB  of  the  month,  by  stopping 
smoking  during  the  inunction  treatment,  etc.  The  treatment  of  the 
mercurial  stomatitis  itself  cousista  in  gargling  with  chlorat*  of  potash 
or  Ijoric  acid.  This  complica- 
tion can  usually  be  speedily 
cured  by  superlicial  cauterisa- 
tion of  the  nlcers  with  silver 
nitrate  or  copper  sulphate  in 
substance,  and  also  by  stopping 
the  bichloride  dressings  or  the 
inunctions. 

Ciincrum  orU  or  »io»in  ia 
a  severe  ulcerative  stomatitie, 
which  will  l>e  discussed  in  Ko- 
gional  Surgery,  with  the  other 
diseases  of  the  mucous  mem- 
branes in  the  facial  cavities,  the 
digestive  tract,  genito-urinary 
apparatus,  etc. 

Cronpoai  and  Diphtheritic 
InflammRtion.  —  By  cfmiji  and 
diphtheHa  inflammatory  pro- 
cesses are  nnderstood  which  are  for  the  most  part  identical  pathologi- 
cally and  clinically,  and  only  differ  in  degree.  Both  inflammations  are 
characterised  by  the  formation  of  an  inflammatory  product  consisting 
of  fibrin  and  cells,  which  is  slightly  adherent  to  the  surface  of  the 
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lie  fiiKium  at  the  bonier  of  It 
A,  Donukl  e|ritbelluni  inJ  middiucoiu  tiHUa; 
Ath«  cuDiiectivBtiHUUuDtleniMth  tlie  eiiitlis- 
liani  BDil  mucoua  itiembrane  infiltratiid  willi 
fibrin.  loueooyiM,  uid  rtd   blooJ-torpuselw , 
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macong  membrane.  In  croup  (Fig.  373)  the  membrane  lies  ujtun  the 
mucoas  membrane,  while  in  tliphtUeria  the  exudate  is  also  found  in 
the  mucous  iiieuibrane,  and  tlie  latter  becomes  more  or  less  necrotic 
(Fig.  374).  In  the  formation  of  this  pseudo- membrane,  according  tu 
Baunigarten,  the  "  fibrinoid  "  degeneration  of  the  epitheHuni  plavs  an 
important  part  as  well  aa  the  fibrinous  exudate.  In  croup  there  is  a 
fibrinoid  degeneration  of  the  epithelium  only,  but  in  diphtheria  this 
process  also  involves  the  connective  tiseue.  The  local  death  of  tissue 
produced  by  the  diphtheritic  inflammation  is,  according  to  Cohnheim 
and  Weigert,  a  coagulation  necrosis — i.  e.,  a  death  of  the  tissues  aud 
cells  due  to  the  coagulation  of  lymph 
which  penneales  the  affected  tigsues  and 
penetrates  into  the  cells.  The  croupous 
and  diphtheritic  membranes  come  away 
after  a  certain  length  of  time,  being  cast 
off  by  the  new  epithelium  which  is  pro- 
duced underneath  and  pushes  the  re- 
mains of  the  membrane  before  it;  in 
severe  cases  the  membrane  conies  away 
in.  toto.  In  extensive  croup  of  the 
bronchi  the  latter  are  filled,  in  severe 
cases,  with  a  fibrinous  exudate,  so  that 
tljere  is  marked  dyspncea,  and  the  pa- 
tient coughs  up  branched  masses  of 
fibrin  corresponding  to  the  bronchi  (Fig. 
375).  Croup  can  be  excited  experimen- 
tally by  the  injection  of  liq.  ammonii 
canstici  into  the  trachea  of  a  rabbit,  the  animals  usually  dying  in  two 
to  three  to  four  days  with  symptoms  of  asphyxia.  There  is  no  ana- 
tomical distinction  between  this  experimental  croup  and  epidemic  diph- 
theria (Middeldorpf,  Goldmann).  The  pharynx  and  trachea  are  most 
frequently  affected  by  the  croupous  and  diphtheritic  inflammation  ;  less 
often  the  mucous  membrane  of  the  bladder  aud  intestine.  Diphtheria 
occasionally  occurs  in  the  skin,  startiiig,  for  example,  from  infection 
through  a  cutaueous  abrasion  or  wound,  es|)ecially  in  the  neighbour- 
hood of  mucous  membranes  such  as  that  of  the  female  genital  tract, 
the  rectum,  etc.  True  diphtheria  is  an  infectious  disease  which  is  pro- 
duced by  a  specific  bacillus  discovered  by  Lofiler,  and  is  to  be  carefully 
distinguished  from  ail  other  pathological  processes  which  are  likewise 
accompanied  by  the  formation  of  crou|>ous  or  diphtheritic  changes 
in  the  mucous  membranes  and  do  not  differ  anatomicalhj  frem  true 
diphtheria  {so-called  pseudo-diphtheiia).     By  temporarily  mterruptiug 
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ilie  circulation  of  blood  in  tiie  nrinar)'  bladder  Henbner  excited  arti- 
ficially a  local  paeudo- diphtheria  of  this  description  which  was  not 
transmissible  to  animals  by  inoculation  like  true  diphtheria.  In  every 
case  of  suspected  diphtheria  a  bacteriological  examination  should  be 
made  for  the  detection  of  the  Luffler  bacillns.  In  true  diphtheria  there 
develops,  as  a  result  of  the  absorption  of  the  poisonous  products  of  the 
bacterial  metabolism,  a  febrile  systemic  intoxication  the  severity  of 
wliich  varies  greatly,  though  it  very  often  speettily  termiinites  in  death, 
particularly  when  a  degeneration  of  the  muscles  of  the  heart  takes 
place.  Another  important  cause  of  death  consists  in  extension  of  the 
inflammation  to  the  lungs.  Among  further  sequelee  of  diphtheria, 
nephritis  (albuminnria)  and  paralyses  are  especially  prominent.  Bag- 
insky  has  observed  in  rare  cases  the  development  of  tetanic  symptoms 
(trismus  and  tetanus).  The  symptomatology  of  diphtheria  is  discussed 
in  Regional  Surgery,     See  also  Wound  Diphtheria,  §  72. 

The  £tiolo^  of  Diphtheria— Lofflei'i  Diphtheria  BadHiu.— LdHler  was 

the  first  lo  prove  the  coiistuut  presence  of  a  species  of  bacteria  in  bunian 
diphtheria;  he  cultivated  it  artificially  and  inuculatetl  Huimals  with  it.  It 
was  impossible  to  e.Ycite  genuine  diphtheria  in  animals,  but  LiitHer  was 
able  to  prove  that  the  bacteria  in  question  had  pronounced  piiisonous 
properties.  Friinkel  and  others  have  confirmed  Loffler's  statements,  and 
Koux  and  othera  successfully  inoculated  animals  with  LiifHep's  bacillus 
and  observed  the  symptoms  which  are  peculiar  to  human  diphthevia.  par- 
ticularly the  formatiou  of  local  diphtheritic  processes  and  the  (Hiralyses 
which  follow  the  general  intoxication.  Upon  the  basis  of  these  Tacts,  we 
are  justified  in  t)ie  belief  that  LofHer's  bacillus  is  the  actual  excitant  of 
diphtheria. 

The  diphtheria  bacilli  are  small  rods  about  ns  long  as  tubercle  bacilli, 
though  almost  twice  as  thick,  of  a  plump  apiwarauce.  and  generally  with 
rounded  ends  (Fig.  37H).  They  vary,  however,  greatly  in  their  form,  the 
rods  having  frequently  a  club'shaped  thickening  at  the  end.  whde  others 
are  in  process  of  division  into  several  pieces  by  transverse  segnientation 
(manifestations  of  involution).  The  bacilli  are  found  in  the  diphtheritic 
pseudo-membrane^  and  nowhere  else  in  the  body ;  consequently  the  severe 
constitutional  symptoms  of  diphtheria  are  caused  by  the  exceifdingly  poison- 
ous products  of  their  nielalxdism.  Opinions  vary  as  regards  ttie  nature  of 
the  loxiues  of  the  diphtherin  bacilli,  though  they  are  generally  considered 
to  be  albuminoid  bodies  belonging,  according  to  Brieger  and  Friinkel,  to  the 
toxalbuniens,  according  to  Roux  and  Yersin  to  the  diastases,  and  according 
to  Gamaleia  to  the  nuclein  compounds.  They  are  formed  either  by  the  de- 
composition of  the  albuminous  bodies  contained  in  the  nutritive  substancea,) 
or  the  microbes  develop  them  within  themselves  by  synthesis  of  simpler 
bodiex  (Guinochet,  Strauss).  The  tosic  substances  of  the  diphtheria  bacilli 
ape  marked  by  a  certain  instuhilily  being  destroyed  by  heat  and  ferments 
(pepsin,  paucrealin}.  and  paasing  through  the  digestive  tract  without  causing 
any  disturbance  (Qamaleia).    "Hie  diphtheritic  poison  is  decidedly  weakened 
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by  uiitipyrine  (Viaiiiia).     lli^ced  (septic)  infections  originate  from  lite  px^ 
eiice  at  tlie  same  time  of  streptococci  and  staphylococci. 

The  bacilh  are  facultative  anaerobic,  and  incapable  of  moTement:  tlwf 
grow  at  teu)i>eratures  ranging  between  68°  and  101°  F.  upon  gelatine  or  oilier 
nutritive  medium,  which  must  always  be  made  slightly  alkaline,  aud  espe- 
cially well  upon  Loffler's  blood  serum  (three  parts  blood  serum  from  Mille 
or  slieep.  one  part  beef  bouillon,  one  per  cent,  peptone,  one  lialf  per  «nl 
common  salt,  one  per  cent,  grape  sugar;  and  upon  glycerine-a^ar.  On 
Liifflers  blood  serum  a  thick,  glistening,  whitish  scum  forms  in  the  incubalor 
at  a  temiterature  of  HfiA°  F.  in  about  two  days.  On  glycerine-agar  at  ti» 
incubator  temjwrature,  flat,  greyish- white,  glistening  colonies,  with  smootk 
edges,  tlie  size  of  a  millet  seed,  develop  within  twenty-four  to  forty-ei^ 
hours  (Fig,  377).  On  agar  the  cultures  at  first  grow  slowly,  but  the  swonl 
generation  more  luxuriantly,  as  the  bacilli  have  then  become  accustomed  U) 
the  nutritive  medium,  which  was  not  at  first  suited  to  them.    But  U  the 
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same  time  they  suffer  a  loss  in  virulence.  When  stab  cultures  are  made  is  ; 
gflatine.  small  white  globular  colonies  develop  along  the  inoculated  liMtf  1 
punctui-e.  On  gelatine  plates,  at  a  temperature  of  22°  to  24°  C.  (71°  toT5°  T\  ] 
the  colonies  remain  small  and  the  gelatine  is  not  liquefied.  The  bacilli*  i 
grows  upon  jMtatoes,  provided  the  surface  is  made  alkaline:  milk  is  alsnu  t 
excellent  nutritive  medium.  At  temperatures  ranging  from  45°  tii  50'C.  j 
(113°  to  122"  F.)  the  bacilli  perish.  Spore  formation  has  not  been  obsemi  j 
The  bacilli  are  also  possessed  of  great  powers  of  resistance :  they  will  renais  I 
in  a  dried  pseudo-membrane  and  be  capable  of  development  after  the  1»I*  ] 
of  tlir>i'  io  four  months.  Roux  and  Yersin  demonstrated  that  serum  f^ 
turi'M.  under  ordinary  conditions,  retain  their  vitality  and  virulence  for  fi« 
months :  and.  furthermore,  that  the  cultures  kept  entirely  shut  off  from  U* 
iietiim  of  air  and  light  still  iJos.sess  their  full  virulence  after  the  Up*'' 
thirti.'en  months. 

Till'  diphtheria  bacilli  can  be  best  stained  with  Loffiler's  alkaline  methjl" 
Ithie  solution  :  they  do  not  stain  by  Gram's  method.     But.  according  to  ibi 
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recent  investigations  of  Roux  and  Yersiii,  the  latter  inetlio*!  ciin  iilso  be 
easily  used.  The  virulent  diphtheria  bacilli  are  almost  never  found  in  the 
mucus  of  the  mouth  of  a  man  who  ia  liealthy  or  who  has  some  other  disease, 
but  LofHer  and  Hcfmajin  state  that  pseudo-diphtheria  bacilli  are  often  found 
which  are  very  similar  but  have  no  pathogenic  action,  and  are  to  be  regarded 
as  possibly  weakened  forms  of  the  diphtheria  bacilli. 

XransmiMioil  of  Diphtheria  to  Animala.— Inoculations  in  animals  are 
often  unsuccessful ;  guinea-pigs,  rabbits,  doves,  and  chickens  are  particuluriy 
susceptible,  while  mice  and  rnls  are  not  very  much  so.  In  guinea-)}igs, 
doves,  ett'.,  the  cultures  excite  pseudo-membranes  in  the  trachea,  and  some- 
times severe  constitutional  symptoms,  paralyses,  etc.  Guinea-pigs  are  the 
most  susceptible ;  within  a  few  days  after  subcutaneous  inoculation  ibey  die 
with  cedema,  pleuritic  effusions,  etc.,  but  the  bacilli  are  not  found  in  the 
internal  organs.  Filtered  cultures,  or  the  poisonous  albuminous  bodies 
(loxalbumeiis)  isolated  from  the  cultures  escite  severe  symptoms  of  intoxica- 
tion, which,  however,  take  a  long  time  to  cause  death. 

Aitiflcially  Acquired  Immtmity  from  Infection  by  Diphtheria.— Behring 
and  Kilasato  have  made  animals  artificially  immune  from  diphtheria  <1)  by 
the  use  of  cultures  sterilised  by  Friinltel's  method ;  (2)  by  the  addition  of 
iodoform  to  the  cultures  ;  (3)  by  subcutaneous  and  intra-abdominal  injection 
of  the  pleuritic  exudate  which  frequently  forms  in  diphtheritic  animals :  (4J 
by  subcutaneous  injection  of  iodoform  very  soon  or  a  few  hours  after  the 
infection  with  diphtheria.  It  is  also  possible  to  give  animals  an  increased 
power  of  resistance  against  diphtheritic  infection  bj'  the  administration  of 
peroxide  of  hydrogen  for  a  few  days  before  the  infection.  By  inoculating 
guinea-pigs  with  sterilised  culture  fluids  heated  for  a  few  hours  to  between 
60"  and  70°  C.  (IJO"  and  188°  F,).  C.  Frankel  obtained  immunity  after  the 
lapse  of  fourteen  days.  Two  kinds  of  substances  are  found  in  the  culture 
fluids  of  diphtheria  bacilli,  viz.,  a  toxic  aubstance  which  is  destroyed  when 
heated  to  55°  to  BU"  C.  (131°  to  140°  F.),  and  an  immunising  substance.  Ac- 
cording to  Behring  and  Kitasato,  the  animals  which  have  been  rendered  im- 
mune are  not  only  protected  from  infection  with  living  diphtheria  bacilli, 
but  also  from  the  injurious  effects  of  the  poisonous  products  of  their  metab- 
olism. Nevertheless,  the  immunity  may  be  again  lost  by  re]>eated  injec- 
tions of  considerable  amounts  of  poison,  especially  if  the  immunity  has  not 
been  sutHciently  firmly  established.  The  artificially  acquired  immunity  to 
diphtheritic  infection  depends  upon  changes  in  the  blood  eerum  of  the  ani- 
mal—i.  e.,  upon  the  presence  of  specific  protective  substances  {antitoxines) 
which  act  only  upon  the  diphtheritic  poison  and  not  upon  other  jKiisona. 
The  blood  serum  of  animals  (horses)  rendered  immune  to  diphtheria  is  con- 
sequently used  in  the  form  of  hy7H>dermic  injections  in  the  treatment  of 
diphtheria.  Since  the  introduction  of  this  antitoxine  treatment  of  diph- 
theria the  mortality  of  the  latter  has  diminished.  The  earlier  it  is  used  the 
mor«-  efficient  is  its  action.  The  latter  consists  either  in  a  direct  inlluenee 
upon  the  diphtheritic  poison  or  iti  a  strengthening  of  the  curative  powers  of 
the  organism — in  other  words,  an  increase  in  its  |iower  of  resistance.  The 
antitoxic  serum  can  also  be  used  to  ndvantAgc  in  a  prophylactic  way  to  pro- 
tect those  in  the  vicinity  of  the  t>atient  from  Infection.  This  Immunising 
action  of  the  antitoxic  serum  may  last,  according  to  Heubner.  only  three 
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weeks,  so  that  in  a  prolonged  epidemic  it  would  be  necessary  to  repeat  "^ 
injection  from  time  to  time. 

Spread  of  Diphtheria. — ^The  bacillus  of  diphtheria  varies  in  the  degrees 
its  virulency  at  different  times.  This  explains  why  the  course  of  diphtheru 
in  different  cases  and  in  different  epidemics  is  so  dissimilar.  Diphtheria 
spreads  by  contagion ;  the  membranes  which  are  coughed  up,  the  sputa  and 
the  saliva,  are  the  most  common  sources  of  infection.  During  convalescence 
the  bacilli  remain  alive  in  the  mouth  for  about  three  weeks ;  in  a  dried  con- 
dition they  may  persist  in  thick  layers  for  three  to  four  months,  and  in  a 
half-dried  condition  for  seven  months.  Toys,  eating  and  drinking  utensik 
kissinjyr.  etc.,  sometimes  cause  the  spread  of  the  disease.  An  ectogenoiu  de 
velopnient  of  diphtheria  bacilli  sometimes  takes  place  in  articles  of  food, 
such  as  milk.  The  individual  predisposition  to  diphtheria  decreases  very 
much  after  the  thirteenth  year.  A  pharyngeal  mucous  membrane  affected 
with  or  liaving  a  tendency  to  catarrh  is  a  favourable  soil  for  the  lodgment 
of  the  diphtheria  bacillus.  To  prevent  the  starting  and  spread  of  diphtheria, 
the  patients  should  first  of  all  be  strictly  isolated  in  every  respect,  and  objecti 
coming  in  contact  with  them  should  be  properly  disinfected.  Furthermore, 
the  healthy  individuals  living  with  the  patient  should  be  injected  with  anti- 
toxic serum. 

Other  Bacteria  Streptococoi  and  Staphyloooooi  preient  in  Biphtheria-In 

addition  to  the  diphtheria  bacilli  there  are  very  frequently — in  fact  almort 
always — found  streptococci.  These  appear  to  have  no  bearing  upon  the 
diphtheria  as  such,  but  may  give  rise  to  general  septic  infection — mixed  in- 
fection (Beck,  Barbier,  etc.).  But,  according  to  Baginsky,  there  is  a  formol 
diphtheria  which  clinically  is  like  true  diphtheria,  but  is  not  dangerous,  and 
terminates  in  recovery ;  in  this  Loffler's  bacillus  is  not  present,  and  Baginskj 
only  found  streptococci  and  staphylococci.      * 

The  Pfleudo-Diphtheria  BacilllUk— In  addition  to  the  diphtheria  bacillio. 
which  is  the  excitant  of  true  diphtheria,  Loffler  and  others  have  described  a 
p.seiuk>-diphtheria  bacillus  which  is  morphologically  and  biologically  slight- 
ly different  from  the  true  diphtheria  bacillus.  It  is  somewhat  shorter  and 
thicker,  grows  luxuriantly  at  a  temperature  of  20**  to  22^  C.  (68**  to  72"  F.) 
in  bouillon,  and  changes  the  reaction  of  bouillon  more  rapidly,  forms  upon 
serum  a  more  yellow  scum,  and  does  not  thrive  as  well  in  the  absence  of  sir 
as  the  true  diplitheria  bacillus.  When  inoculated  in  animals,  local  manifes- 
tations are  sometimes  observed,  but  death  never  occurs  (Houx,  Yersin).  The 
pseudo-diphtheria  bacillus  is  found  in  the  mouths  of  healthy  individuals, 
and  in  simple  sore  throats.  According  to  Houx  and  Yersin,  a  certain  rela- 
tionship exists  between  the  two  kinds  of  bacilli.  They  succeeded  in  pern* 
nently  chanoring  very  virulent  true  diphtheria  bacilli,  by  the  action  forsef- 
e!*al  (lays  of  a  steady  stream  of  air,  to  such  an  extent  that  they  behaved  lik* 
pseudo-diphtheria  bacilli ;  and  on  the  other  hand,  by  simultaneous  inocula- 
tions with  erysipelas  cocci,  they  were  able  to  restore  to  the  weakened  diph- 
theria bacilli  tlieir  full  virulence,  but  not  to  the  pseudo-diphtheria  bacilli- 
More  recent  investigations  make  it  seem  probable  that  the  two  bacilli  ihf 
true  diphtheria  bacillus  and  the  pseudo-diphtheria  bacillus,  are  not  ditfejwnt 
micro-organisms,  but  belong  to  the  same  si)ecies  and  are  merely  of  ditferent 
virulence  (Loiller,  Friinkel,  Hofmann,  Eoux,  and  others). 
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§  95.  Inflanunationi  and  Siaeases  of  filood-veuelB. — The  acute  inllaui- 
matioiio  of  the  arteries  and  veins — arteritis  and  i>hlel>itis — have  been 
described  in  g  69  and  §  75  (pvfemia) ;  and  the  various  changes  which 
thrombi  undergo,  inclading  the  cicatricial  closnre  of  a  vesse!,  the  so- 
called  organisation  of  a  thrombus,  were  discussed  in  §  61.  There  re- 
mains for  us  to  tako  up  chronic  inflammations  of  the  walls  of  the  ves- 
sels, as  well  as  aneurisms  and  varicose  veins. 

Chronio  InflammationB  of  the  Walla  of  the  TeBsels. — The  fatty,  amy- 
loid, and  hyaline  degenerative  changes  occurring  in  vessels  belong 
mure  to  the  domain  of  pathological  anatomy,  but  hypertrophic  con- 
ditions in  the  arteries  have  also  a  surgical  importauce.  The  develop- 
ment of  the  collateral  circulation  after  occlusion  of  a  vessel  or  the  for- 
mation of  an  aneurysma  racemosuin  (see  Aneurisms)  depends  upon  a 
hyperplasia  of  all  the  arterial  coats.  Chronic  endarteritis  is  particu- 
larly important ;  it  eonsists  in  a  hypertrophy  of  the  intima  from  a 
circumscribed  or  more  diffuse  growth  of  connective  tissue.  In  this 
clasfl  belong  endarteritis  oblitemns,  endarteritis  deformans,  and  arterio- 
sclerosis or  atlieroma.  These  clironic  inflammations  of  the  walls  of 
blood-vessels  with  thickening  and  hardening  of  the  same  occur  in  vari- 
ous diseased  conditions — e.  g.,  syphilis,  nervous  diseases,  diabetes,  alco- 
holism, lead -poisoning  and  other  kinds  of  poisoning,  and  also  as  a  sign 
of  disturbance  of  nutrition  in  old  age.  Nodular  or  more  diffuse  thick- 
enings of  the  arteries  develop  from  inflammations  in  the  parts  sur- 
rounding the  arteries — in  other  words,  from  periarteritis,  Plilebitia 
hyperplastica  and  periphlebitis  chronica  are  much  rarer  than  chronic 
arteritis,  and  the  pathological  changes  are  not  by  any  means  so  pro- 
nounced. 

Endarteritil  Obliteraju.— The  endarteritis  of  syphilis  was  first  accurately 
desi'Hltfd  l>y  Heubiier ;  it  occurs  either  independently  and  by  itself,  or  within 
u  focus  of  syphilitic  in  (lamination.  The  process  begins  with  a  cellular  infil- 
tration of  llie  intioia,  which  subsequently  changes  into  connective  tissue ;  the 
media  remains  more  or  less  intact,  or  likewise  changes  into  fibrous  tissue. 
The  thickening  of  the  walls  of  the  vessels  in  syphilis  is  not  infrequently  very 
cunsideral>le,  and  Uie  lumen  of  the  arteries  may  not  only  be  narrowed,  but 
even  completely  closed.  The  syphilitic  inilanimation  also  occurs  in  the 
intima  of  the  veins.  As  Frieilliiiuler  in  particular  has  jiointed  out,  there 
occurs  not  only  in  syphilis,  but  also  in  various  other  chronic  inflammatory 
conditions,  an  obliteratinif  endarteritis  from  proliferation  of  the  endothelium 
of  the  larger  arteries  as  well,  which,  when  it  affects  an  extremity,  may 
threaten  the  integrity  of  the  whole  limb.  Riedel  observed  gangrene  of  the 
leg  following  a  circumscribed  obliterating  endarteritis  of  the  femoral  artery 
in  a  woman  thirty-six  years  of  age.  Circumscribed  or  more  diffuse  infiltra- 
tions of  tlio  walls  of  the  vessels  are  also  produced  by  tubercular  inflamma- 
tion. 
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CoDi^nital  stenosis  of  the  aorta  (Morgani,  Virchotv,  Fniiittel,  etc.)  is 
matter  of  more  consequence  to  the  physician. 

ScletOfU  or  Athsroma  of  the  Vendl.— Atheroma  of  the  arteries  (arte^ 
sclerosis)  is  mainly  a  disease  of  old  age.  and  is  particularly  apt  to  follon"  t 
habitual  use  of  alcohol.  It  consists  of  thickenings  of  the  intima,  which  ocvu 
in  patches.  The  thickened  parts,  especially  at  the  outset,  are  soft  anJ  jeB^. 
like,  or  dense  and  fibrous,  or  more  cartilaginous  in  character.  The  iUk- 
romatous  patches  often  become  calci&ed,  or  the  tissue  may  break  down  and 
(five  rise  to  lasses  of  substance  (atheromatous  ulceration).  Atheruma  m»j 
occur  iu  all  parts  of  the  arterial  system,  from  the  valves  of  the  aorta  U>  the 
smallest  arteries,  and  is  sometimes  developed  to  an  extreme  d^^ee.  Atlie- 
romu  of  the  veins  is  more  rare,  and  never  of  as  high  a  grade.  It  is  essentiallj 
an  endarteritis  which  begins  with  inflammatory  infiltration,  and  leads  loi 
new  formation  of  connective  tissue.  This  is  followed  by  retrogressive  chasgei 
(fatty  degeneration,  necrosis.  calciBcation).  As  a  result  of  artcrio-sclercsi 
there  occur  a  thickening,  narrowing,  or  occlusion  of  the  vessels,  with  second- 
ary disturbances,  and  Anally  necrosis  of  the  parts  supplied  by  the  alfect«il  t» 
sel,  as  in  senile  gangrene  (see  Regional  Sut^ry).  On  the  other  hand,  diliti- 
tion  and  rvipture  of  tlio  walls  of  the  artery  occur  if  the  media  also  degeaentn 
and  loses  its  power  of  resistance.  Neurotic  angiosclerosis  is  a  special  tora 
resulting  from  injuries  and  diseases  of  the  nervous  system  (tabes,  progressiv* 
paralysis,  neuritis,  syringomyelia,  etc.)  and  occurring  at  any  age.  It  leadt 
to  thickening  of  the  walls  of  arteries  and  veins,  at  first  from  hypertrophl 
of  the  media  and  later  of  the  intima,  followed  by  marked  narrowtni?  of  the 
vessels  and  corresponding  disturbances  of  nutrition  or  necrosis  of  the  tissues. 

Anenriimi — By  aneurism  is  understood  a  dilatation  of  an  atim 
tilled  witli  flowing  blood.  The  dilatation  is  either  limited  to  a  Krwt 
portion  of  the  arterTiFig- 
378),  or  there  is  an  espu- 
sion  of  a  whole  gronp  of 
arterial  branches  and  of 
capillaries  with  a  8itrilllt!lll^ 
oua  hypertrophy  of  tbeir 
walls  {Fig.  383).  Tbe  lat- 
ter form  of  aneurism  is 
called  aneurysma  racenio- 
eum  or  anaetomoticuni. 

Aneunsina  urigiimre  fi- 
tlier  from  injuries  ur  from 
gradual  dilatation  of  tbete^ 
^  ^. "  '  sel  as  a  result  of  ditease  of 

Fic,  3T>.— furious  foniis  111  Hiicunsiiis:  a.  (vlinJricnl;       .  ,,  .    ,,        ,        ■ 

4.»l.iiKllt->liiii.L-<i;  1-,  t-uiTal»U-.|  uii^urfeni.  itS   Wall,   especially   cllTOWt 

endarteritis  (atheromatoiiK 
syphilitic  etidarteintis),  and  ]>eriarteriti8  with  secondary  atrophv  of  tbe 
wall,  particularly  the  media.     KOhler  saw  a  large  axillary  aneurism 
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the  bond  of  Che  elbow, 


WR8  caused  by  an  echinococcoe  in  the  sheath  of  the  artery.  All 
y  and  secondary  diseaeee  of  the  walla  of  the  vessels  h^  which 
rength  and 
ty     of    the 

are    dimin-  ^     ^^^  

lay  give  rise         -^^^   _-~^^^BJ'  '^~^'' 


formation 

aneurism. 

ling   to  the 

of    Koater 

Vrafft,     tme      Fio.  879.— Artario-Te 
jms       oriffi-  reaultinit  fro"".fl 

iuis       origi  out  open  (tronep). 

oainly  from 

matory  processes  in  the  media ;  bnt  Recklinghausen,  Manchot, 
Jiers  insist  chiefly  upon  the  presence  of  primary  ruptures  of  the 
due  to  some  traumatism,  and  a  marked  elevation  of  the  blood 
re  following,  for  example,  some  violent  exertion ;  by  these  tn- 
)  influences  the  powers  of  resistance  possessed  by  the  arterial 
ire  lessened.  An  embolus  lodging  in  a  branch  of  an  artery  may 
rase  an  aneurism — for  example,  calcified  endocarditic  vegeta- 
ma;  bore  their  way  into  the  wall  of  an  artery,  possibly  in 
un,  and  erode  it,  causing  it 
e  way  and  dilate — embolic 
sms  (Ponfick).  Moreover, 
sms  may  occasionally  result 
smboU  of  a  suppurative  or 
character   with    secondary 


is  of  the  wall  of  the  vessel  following  endarteritis  or  periBrteritis 
F,  etc.).  AH  aneurisms  developing  from  a  gradual  dilatation  of 
coats  of  the  vessel  used  to  be  called  true  aneurisms  (aneurysma 
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vera),  in  contradistinctioti  to  the  traumatic  anearisms,  which  vere  de^ 
n&ted  se/alee  (aneDrysma  Bpnria),  from  the  fact  that  their  walls  do  i^ 
coDBist  of  all  three  arterial  coats.  This  distinction  is  an  artificial  «j 
and  incorrect.  Traumatic  aueurismi 
from  a  punctured  injoij,  for  esm- 
pie,  are  brought  about  bj  a  gradul 
yielding  of  the  thrombus  in  the  tiJI 
of  the  veaeel  and  of  the  eurroniiding 
cellular  connective  tissue,  as  a  rauh 
of  the  intra-art^rial  preesore.  A  oe 
thus  finally  develops,  the  walk  d 
which  are  made  up  of  the  outemiixt 
layers  of  the  thrombus,  the  eurroami- 
ing  soft  parts,  and  new-formed  con- 
nective tissue.  In  the  so-called  trie 
aneurism  the  vessel  dilates  verygml- 
ually,  as  a  result  of  chronic  endarte- 
ritis, and  according  as  the  latter  ii- 
Tolves  the  entire  circnraferenceofthe 
artery  or  only  a  portion  of  it, »  CT- 
lindrical  (aneurysma  cylindricamiDr 
spindle-shaped  (anearyema  fueifonne} 
or  sacculated  (aneurysma  saccifonnej 
aneurism  develops  (Fig.  3T)?).  Of 
course,  there  are  many  transitions  be- 
tween each  of  these  different  forms. 
Occasionally  an  aneurism  comnis- 
nicates  with  an  adjoining  vein,  s£  "U 
formerly  not  uncommon  after  phle- 
botomy, in  consequence  of  simpltane- 
OU8  injury  to  the  brachial  arten-  it 
xidii.i).  the  elbow.     An  aneurism  of  this  i^ 

seription  Virchow  calls  an  arterio- 
venous  aneiinsm.  This  term  is  better  than  varicose  aneurism  or  aneii- 
rigmal  varix.  The  arterio-venous  aneurism  takes  the  form  either  of » 
(■irtrumscribed,  sacculated  tumour,  as  illustrated  in  Figs.  379  and  3S. 
or,  as  a  result  of  the  commnnication  between  the  artery  and  vein,  tbat 
oc-fur  marked  diiiturliances  in  the  circulation,  with  pulsating  dilatation 
of  the  distant  branches  of  both  artery  and  vein  (Figs.  381,  332).  U 
jiresriure  is  applied  to  the  point  of  communication  between  the  arten 
ami  vein,  tbe  pulsation  in  the  dilated  and  tortuous  vessels  ceaees  tsA 
tlicy  collapse.     In  the  extremities  the  arterio-veoouB  aneurism,  u  t 


¥ta.  3S3. — Artcrin-vonouB  ancuriain  of  the 
k-a  liunil  and  furewta  of  ■  iiiun  tnnj- 
flve  yeiin>  old,  which  liid  dt'velo|-ed 
icraduall.v  tflvr  >  biu  on  tliv  liaiid  re- 
ceived in  liin  ivveutti  yen.  Numer- 
ouii  HHCcuIatud  aneuristnn  on  the  llexor 
Bidi;  I  H).  and  very  iiiarkeil  varlL-imc  bq- 
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the  commncicatiOD  between  the  artery  and  rein,  leads  to  cir- 
disturbancee  tliroughout  the  entire  limb,  and  to  nnmeroue 
eutiamB  and  dilatations  of  the  veins  (varices),  as  in  a  case 
bj  Stromeyer  aifd  Krauee  (see  Fig.  382). 
rdiog  to  Bramann,  of  one  hnodred  and  fifty-nine  caseB  of 
enoiis  aneurism,  one  hundred  and  eight  were  dne  to  an  injury, 
Following  phlebotomy,  twenty-nine  gunshot  wounds,  five  con- 
rhicb  caused  no  iutemal  wound,  and  nine  were  spontaneous, 
four  instfmces  was  an  arterio-veuous  aneurism  congenital, 
io-venous  aneurism  may  develop  spontaneously  from  a  true 
,  which  becomes  gradually  adherent  to  the  vein.  The  latter 
obliterated  at  the  point  of  contact,  or  the  aneurism  ruptures 
jpen  vein. 

d  or  Saounoae  Aneuiiim. — In  cirsoid  or  racemose  aneurism 
.  dilatation,  tortuosity,  and  thickening  of  the  artery  througliont 
)  distribution,  form- 
ivoluted  mass  of  en- 
■eriee(Fig.383).  The 
aneurism  occurs  es- 
ipon  the  scalp,  is  for 
;  part  of  congenital 
ad  ■  belongs  more  to 
tumours,  and  hence 

racemose  angioma 
tppropriate.  Cirsoid 
ia  rarely  acquired,  in 
ie  it  may  resalt  from 
■cbanical  injury.  A 
n  used  to  be  made  be- 
-soid  anearism  (varix 
I  and  the  anastomotic 

(angioma     arterial 

m,  tumor  vasculoeos 

The   former  was 

suit  more  from  a  dif- 

Ation  of  the  arterial 

and  eventually  of 
iries  and  veins;  while 

was  said  to  be  made  up  of  newly  formed  dilated  and  length- 
rial  branches,  resembling  more  closely  a  tuuiour.  But  botli 
srge  into  one  another  to  snch  an  extent  that  it  is  impos- 
n^e  any  distinction.     An  analogous  tumour  formation,  the 


or  thf  right  Hid  left 


LigMiiii 
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« 
so-called  plexiform  neuroma  (see  Tumours  of  Nerves),  occurs  in  t 

nerves. 

Dissecting  Aneurism  (aneurjsma  dissecans)  is  a  particular  kind 
traumatic  aneurism  resulting  from  rupture  of  the  intima  and  m^ 
with  preservation  of  the  adventitia.     It  occurs  especially  in  the  ao^ 
and  small  cerebral  arteries.     The  blood  escapes  between  the  media  bd 
adventitia  and  lifts  one  from  the  other. 

Occurrence  of  Aneurisms. — As  regards  the  occurrence  of  aneurismB^ 
they  are  most  common  in  the  thoracic  aorta  (the  ascending  and  trans- 
verse portions),  appearing  next  in  order  of  frequency  in  the  popliteal, 
carotid,  subclavian,  innominate,  axillary  artery,  etc.  According  toLut- 
tich,  out  of  one  hundred  and  ninety-six  cases,  one  hundred  and  sixtj- 
one  were  observed  in  men  and  only  thirty -four  in  women.  Anenriemft 
are  comparatively  common  in  England,  particularly  in  the  English 
army.  The  cirsoid  aneurism  is  observed  most  frequently  in  the  com- 
mon iliac  and  on  the  scalp.  Of  aneurisms  involving  the  small  arter- 
ies, those  in  the  brain,  the  lungs,  and  the  heart  are  especially  impor- 
tant. As  regards  the  occurrence  of  aneurisms  in  bone  the  views  of 
different  authorities  are  divided.  If  they  occur  at  all  they  are  very 
rare.  In  the  majority  of  cases  of  so-called  bone  aneurism  we  have 
to  deal  with  a  very  vascular  sarcoma,  containing  sometimes  but  very 
little  sarcomatous  tissue. 

The  Symptoms  and  Course  of  Aneurisms. — The  most  important  sjmp- 
toms  of  an  aneurism  are  brought  about  by  the  blood  flowing  into  the 
sac,  and  consist  in  the  presence  of  pulsation  and  a  friction  sound.  If 
a  hand  is  placed  upon  the  tumour  it  will  be  felt  to  enlarge  synchro- 
nously with  the  apex  beat.  By  palpation  and  auscultation  the  friction 
sound  can  also  be  made  out ;  it  is  caused  by  the  blood  rubbing  against 
the  inner  wall  of  the  sac.  As  regards  diagnosis,  a  careful  distinction 
must  be  matle  between  the  actual,  true  pulsation  of  an  aneurism  and 
the  communicated  pulsation  wliich  results,  for  example,  from  a  tumonr 
or  an  abscess  being  lifted  by  an  underlying  large  artery.  If  the  pulsa- 
tion is  communicated,  there  is  usually  only  a  rise  and  fall  in  one  direc- 
tion, and  the  tumour  does  not  expand  equally  in  all  directions,  as  is  the 
case  in  the  true  pulsation  of  an  aneurism.  But  the  pulsation  of  anen- 
risiiis  is  not  always  plain,  it  being  very  slight,  for  example,  in  those 
with  thick  walls.  If  the  afferent  artery  of  an  aneurism  is  compressed 
the  pulsation  and  friction  sound  cease.  Mention  should  l)e  made  of  the 
fact,  which  is  of  diagnostic  importance,  that  very  vascular  sarcomata 
of  bone,  for  instance,  also  pulsate. 

AVhen  an  aneurism  has  once  formed,  the  local  dilatation  of  tt< 
lumen  of  the  artery  never  returns  to  the  normal  again,  but,  on  th 


§85.]      INFLAMMATIONS  AND  DISEASES  OF  BLOOD-VESSELS.         557 

contrary,  it  constantly  increases,  and  in  addition  the  wall  of  the  vessel 
becomes  steadily  thinner,  and  finally  the  sac  bursts,  leading  to  fatal 
hemorrhage,  especially  in  anenrisms  of  the  aorta,  the  brain  and  lungs, 
etc.  As  a  result  of  the  increasing  enlargement  of  the  sac,  the  sur- 
roanding  parts  are  proportionately  displaced  and  the  bones  are  grad- 
ually more  or  less  eroded — for  example,  the  sternum,  the  vertebrae,  and 
ribfi,  in  aneurisms  of  the  aorta.  Pressure  upon  adjoining  nerves  gives 
rise  to  corresponding  symptoms  (pain,  paralysis).  The  skin  resists 
comparatively  the  longest  time,  but  it  also  may  be  broken  through, 
caoging  sudden  death  from  hsBmorrhage. 

Spontaneous  cure  of  an  aneurism  by  filling  of  the  sac  with  a 
thrombus  and  by  change  of  the  latter  into  cicatricial  tissue  may  occur 
in  the  case  of  smaller  aneurisms  and  also  in  large  sacculated  ones. 
The  thrombi  originate  from  the  slowing  of  the  current  and  the  patho- 
logical changes  in  the  wall  of  the  aneurism. 

Extensive  thrombi  with  many  layers  also  develop  in  larger  aneu- 
risms, but  in  these  cases  complete  obliteration  of  tlie  aneurismal  sac 
by  cicatricial  connective  tissue  does  not  take  place.  The  thrombus 
formation  sometimes  increases  to  such  an  extent  that  the  circulation  is 
interrupted,  and  gangrene,  possibly  of  the  entire  extremity,  takes  place. 
Occasionally  the  thrombi  soften  and  break  down,  giving  rise  to  embolic 
processes,  or  the  thrombi  may  become  calcified. 

Diagnofii  of  Aneurismai — Frora  what  has  been  said,  it  follows  that  the 
diagnosis  of  aneurism  is  not  difficult  as  long  as  we  have  to  deal  with  cases 
"^hich  are  accessible  to  careful  examination.  As  regards  diaprnosis,  the 
above-described  true  pulsation  and  the  friction  sound,  as  well  as  their  disap- 
pouranee  after  compression  of  the  afferent  artery,  are  the  most  important 
aymptoms.  Nevertheless  good  surgeons  have  made  errors  and  taken  aneu- 
vinDs  for  abscesses,  particularly  in  cases  where  there  are  manifestations  of 
inflammation,  swelling  of  the  soft  parts  around  the  aneurism,  etc.  If  this 
niistake  in  diagnosis  should  occur,  and  the  aneurism  be  incised,  resulting  in 
a  gosh  of  blood,  the  incision  should  be  immediately  closed  by  placing  the 
hand  upon  it,  the  afferent  artery  compressed,  Esmarch's  rubber  tourniquet 
•Pplied,  and  the  main  afferent  artery  immediately  ligated  in  its  continuity. 

On  the  other  hand,  it  may  happen  that  an  aneurism  is  supix)sed  to  be 
present,  while  as  a  matter  of  fact  we  have  to  deal  with  a  very  vascular 
^mour.  But  from  what  has  been  said  it  should  be  an  easy  matter  to  make 
we  correct  diagnosis  in  such  cases. 

Frognofil  of  Aneuriniia. — The  prognosis  of  aneurisms  varies  greatly, 
•ocording  to  their  location.  In  general,  tlie  prognosis,  as  far  as  si>ontaneous 
Wre  is  concerned,  is  unfavourable,  as  this  termination  is  only  possible  in 
iniall  arteries  by  the  organisation  of  the  thrombi,  calcification,  etc.  In  large 
meurisms  the  sac  constantly  increases  in  size,  and  there  is  notliing  to  do 
mt  check  the  enlargement  of  the  aneurism  by  proi)er  local  treatment,  and 
oosibly  to  extirpate  it 
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Treatment  of  Anenrismi. — Mention  may  be  made  first  of  the  op(^^ 
tive  treatment  of  aneurisms.  The  oldest  method  of  operative  tr^st 
ment  is  that  of  Antyllos.  It  consists  in  splitting  open  and  extirpatu^ 
the  sac  after  previously  performing  central  and  peripheral  ligation  of 
the  main  trunk  of  the  artery  and  any  branches  which  may  be  pven 
off  from  the  aneurism.  The  aneurism  is  exposed  with  the  aid  of 
Esmarch's  artificial  ischeemia  and  opened  by  incision.  After  removing 
the  clot  from  the  sac  a  probe  is  passed  into  the  afferent  and  efferent 
ends  of  the  artery,  and  both  are  closed  by  a  ligature.  After  this  all 
branches  given  off  at  any  point  from  the  wall  of  the  sac  must  be  tied. 
The  aneurism  itself  can  then  be  extirpated,  or,  when  this  is  too  diffi- 
cult, a  portion  of  the  sac  may  be  left  behind.  The  perfonuance  of 
this  operation  may  present  great  difficulties,  in  the  first  place,  on 
account  of  the  numerous  branches  which  spring  from  the  wall  of  the 
sac,  and  then  because  the  aneurism  may  so  obscure  the  central  and 
peripheral  ends  of  the  artery  that  it  may  be  very  difficult  to  find  and 
ligate  them.  Other  methods  of  operative  treatment  for  aneurism  con- 
sist in  the  ligation  of  the  artery  on  the  central  or  peripheral  side  of  the 
aneurism.  The  central  ligation  of  the  afferent  arterial  trunk  is  either 
performed  close  above  the  aneurism  (Anel),  or  at  some  distance  from 
the  latter  at  the  so-called  place  of  election,  where  the  artery  is  easily 
accessible  (Hunter).  Ligation  of  the  artery  on  the  peripheral  side  of 
the  aneurism  has  been  recommended  particularly  by  Brasdor,  War- 
drop,  and  Desault.  The  formation  of  a  thrombus  in  the  sac,  and 
thus  its  diminution  in  size  by  the  developtnent  of  cicatricial  tissue, 
are  said  to  be  favoured  by  all  these  methods.  Their  success  is  uncer- 
tain, and,  particularly  after  ligation  of  the  afferent  artery,  gangrene 
has  been  observed  of  varying  extent  in  the  region  supplied  by  the 
artery.  Ligation  of  the  efferent  artery  is  especially  to  be  recommended 
when  ligation  of  the  afferent  vessel  is  impossible  or  too  difficult :  thus, 
in  aneurism  of  the  innominate,  for  example,  one  would  ligate  the 
carotid  and  subclavian  arteries.  The  best  though  at  the  same  time  the 
most  difficult  method  is  that  of  Antyllus.  The  next,  as  far  as  the 
certainty  of  its  effect  is  concerned,  is  the  ligation  of  the  afferent  arterial 
trunk  close  above  the  aneurism,  while  ligation  of  the  efferent  arterj 
close  below  the  aneurism  is  the  most  uncertain  procedure.  After 
ligation  of  the  afferent  artery  at  the  place  of  election  in  Hunters 
method,  recurrence,  as  a  general  thing,  easily  takes  place;  never- 
theless this  method  is  of  value  for  the  reason  that  often  in  the  neigh- 
l^ourhood  of  the  aneurism  the  artery  is  the  seat  of  atheromatous 
disease,  which  makes  ligation  impossible. 

Of  the  other  methods  of  treatment  we  should  mention,  in  the  first 
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place,  digital  and  instramental  compression  of  the  afferent  artery, 
^Lich  is  particularly  adapted  for  aneurisms  upon  the  extremities. 
Thifi,  also,  is  for  the  purpose  of  exciting  a  coagulation  in  the  aneu- 
rismal  sac.  The  procedure  is  entirely  devoid  of  danger,  but  it  is 
often  so  painful  that  the  patient  cannot  endure  it  long  enough. 
Sometimes  even  gangrene  of  the  skin  may  occur  at  the  point 
where  the  pressure  is  applied.  The  procedure  must  as  a  general  thing 
be  continued  for  several  days,  and  it  is  best  for  the  compression  to 
be  kept  the  same  for  several  hours.  The  compression-treatment  is 
adapted  particularly  to  recent  traumatic  aneurisms,  and  less  so  to  true 
aneorisms  where  there  is  atheromatous  degeneration.  It  is  less  dan- 
gerous than  the  operative  treatment.  Erichsen  found  that  in  fifty  per 
cent  of  the  cases  of  ligation  poor  results  followed,  of  which  twenty- 
five  per  cent  were  due  to  gangrene.  The  least  dangerous  and  the 
rarest  method  of  employing  compression  is  digital  compression,  from 
which  Barwell  found  only  6.8  per  cent  of  deaths  or  amputations  in 
consequence  of  gangrene.  These  good  results  are  probably  explaina- 
ble by  the  fact  that  in  digital  compression  the  thrombus  probably 
lemains  permeable  for  the  blood-stream.  There  must  be  several  per- 
sons who  can  relieve  one  another  in  performing  digital  compression. 
The  main  aflferent  artery  is  compressed  at  a  point  central  to  the 
anenrism  for  a  variable  length  of  time  until  the  pulsation  in  the  an- 
eorism  has  stopped.  In  some  cases  the  pulsation  stops  after  two  to 
three  hours'  compression,  but  at  other  times  it  has  to  be  continued  for 
aeveral  days — preferably  with  free  intervals.  Special  pads,  Esmarch's 
elastic  bandage,  or  some  simple  substitute,  such  as  a  crutch  or  a 
broomstick,  have  been  recommended  for  carrying  out  instrumental 
compression.  Forced  flexion  of  the  extremity  has  also  been  used  in 
place  of  instruments  (see  Fig.  96).  Compression  by  means  of  elastic 
bandages  can  be  employed  as  follows :  The  extremity  is  first  enveloped 
by  an  elastic  bandage  from  the  periphery  to  the  vicinity  of  the  an- 
eurism ;  an  elastic  bandage  is  then  tied  about  the  extremity  just  above 
the  aneurism,  and  the  bandage  below  removed ;  in  about  an  hour  and  a 
IwJf  the  upper  bandage  is  removed.  This  elastic  compression  may  then 
be  followed  by  several  hours  of  digital  compression.  Pearce  Gould  rec- 
wnmends  the  administration  of  dry  albuminous  food  and  large  doses 
<rf  iodide  of  potassium  before  using  the  elastic  compression,  in  order 
to  increase  the  coagulability  of  the  blood. 

The  other  methods  of  treating  aneurism  consist  in  exciting  a 
DMgnlation  of  the  blood  in  the  aneurismal  sac  by  chemical  means — as 
)j  the  injection  of  ergotin,  liq.  ferri  sesquichlorat.,  alcohol,  etc. — or 
J  foreign  bodies  (catgut,  silver,  steel,  or  copper  wire,  horse-hair,  lami- 
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nariaj,  by  acupuncture,  by  electropuncture  and  by  the  galvanic  current 
(cathode  on  the  aneurism).      I  consider  any  treatment  by  injectioii 
dangerous,  and,  consequently,  not  to  be  recommended ;  especially  after 
tlie  injection  of  liq.  ferri  sesquichlorat.,  extensive  clotting  and  speedy 
death  from  pulmonary  and  cerebral  emboli  have  taken  place.    As 
regards  the  results  obtained  by  the  introduction  of  steel  or  copper  wire 
(fijipuncture)  into  large  aneurisms,  as  Moore  does  in  the  case  of  aortk 
aneurisms,  the  recently  published  statistics  of  Vemeuil  are  very  un- 
favourable.    Of  thirty-four  cases  treated  in  this  way,  only  two  were 
cured,  and  thirty  died  comparatively  soon  after  the  operation.    Phil- 
lippe  obtained  satisfactory  results  in  dogs  by  the  introduction  of  silvor 
or  copper  wire,  horse-hair,  laminaria,  etc.,  into  the  femoral  or  carotid 
artery.     I  have  obtained  very  remarkable  results  in  aortic  aneurismi 
by  means  of  galvano-puncture,  the  technique  of  which  is  described  on 
page  81,  and  also  in  the  Regional  Surgery. 

The  best  treatment  for  cirsoid  aneurism  and  for  arterio-venoDB 
aneurism  is  extirpation,  followed  by  careful  arrest  of  all  bleeding  by 
ligation  of  the  afferent  and  efferent  vessels.  In  cirsoid  aneurism  liga- 
tion of  the  main  afferent  artery  is  also  to  be  recommended  ;  or  igni- 
puncture  may  be  performed  with  the  galvano-cautery  or  with  the  fine 
point  of  the  Paquelin  instrument. 

The  treatment  of  ordinary  aneurisms  of  course  vfiiries  greatly  wiA 
their  location.  In  general  it  follows,  from  what  has  been  said,  that, 
whenever  it  is  possible,  compression  should  be  tried  first,  alternating 
elastic  bandaging  with  digital  compression  or  compression  by  means  of 
a  stick.  If  this  compression  treatment  is  borne  it  can  be  continued 
for  a  long  time.  Not  infrequently  compression  proves  successful  after 
the  lapse  of  months.  If  compression  cannot  be  carried  out  or  is  not 
successful,  an  operation,  when  possible,  should  be  undertaken,  the  best 
being  that  of  Antyllus,  or,  if  the  latter  cannot  be  used,  Anel's,  Hnn- 
ter's,  or  Brasdor's  operation  should  be  performed  in  the  manner 
described  above. 

Varices  or  Varicose  Veins.— By  varix  is  understood  a  dilatation  of  the 
wall  of  a  vein  (Fig.  38^1:).  This  originates  for  the  most  part  from 
mechanical  interference  with  the  return  flow  through  the  veins,  and, 
consequently,  occurs  in  local  or  general  stasis,  such  as  that  due  to  the 
presence  of  tumours,  particularly  in  the  al)domen, or  to  pregnancy;  or 
it  is  ilue  to  cardiac  disease,  obstruction  to  the  entrance  of  venous  blood 
into  the  heart,  etc.  The  greater  the  resistance,  the  greater  will  be  the 
pressure  under  which  the  blood  flows  in  the  veins,  and  so  much  the 

sooner  will  the  walls  of  the  veins  become  stretched.     Occasionallv  an 

• 

inherited  disposition  towards  varices  must  be  acknowledged.    In  pre- 
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I  individuals  with  flabby  veins,  comparatively  slight  causes  may 
o  excite  varices.  Thus  varices  are  produced  in  the  lower 
ties,  for  example,  of  individuals  whose  occupation  compels  them 

a  great  deal. 
rmM  of  VuiooH  Tela*. — As  regards  the  occurrence  of  varices, 

particularly  apt  to  fee  found  in  parts  of  the  body  where  the 
ow  of  blood  in  the  veins  is  rendered  difficult,  and  consequently 

common  in  the  lower  extremities,  at  the  anus 

holds),  in  the  scrotum,  and  in  the  npermntic 
ricocele).  "Women  suffer  from  varices  more 
ly  than  men,  probably,  in  the  maia^  as  a  result 
lancy,  TUeir  frequency  also  varies  among 
rent  races. 

anatomical  chauges  in  varicose  veins  consist 
>nic  eadophlebitie  and  periphleliititi  with  hy- 
ly  of   the   muscular  coat  at  the  beginning, 

the  mild  and  iti  the  advanced  casea  this  ciiat 


rcBulliny  fr 


eroflhelegia). 


ttonu  of  Tsrioose  Veini. — The  subcutnntH 
,d  also  the  deeper  veins  in  the  muscles  are 
ilated,  tortuous,  and  lengthened  ove 
He  size.  Blue,  sacculated,  tortuouB  bands  and 
:ion8  are  seen,  varying  in  size, 
ich  the  skin  is  usually  more  or 
ned.  Not  infrequently,  as  a  re- 
■upture  of  these  varices  and  the 
g  skin,  secondary  htemorrhages 
ce  which,  in  the  lower  extrem- 
nstance,  may  cause  death  if  not 
y  arrested ;  under  these  conditions  a  spontaneous  arrest  does 
y  occur.  Sometimes  periphlcbitic  inflammation  and  suppura- 
inate  in  the  parts  surrounding  the  varices,  possibly  in  conjuiic- 
1  an  eczema  or  ulcer  in  the  skin.  Thrombi  are  also  observed 
«  as  a  result  of  retardation  of  the  blood  current  in  tlie  dilated 
JDflt  as  in  aneurismal  sacs.  They  may  or  may  not  become 
i,  soften  and  break  down,  or  become  calcified.  If  tliey  beconie 
the  BO-called  vein  stones  or  phleboliths  result.  AVlien  thrombi 
i  dilated  veins  are  plainly  to  be  felt  as  firm,  hard  cords.  Sup- 
breaking  down  of  the  thrombi  is  observetl,  for  example,  in 
ion  with  an  ulcer  of  the  leg  or  eczema  which  has  not  been 
ntiseptically.  In  tliis  condition  there  is  danger  of  the  deveiop- 
embolic  processes  and  pysemia  from  the  carrying  off  of  the 


562    INJUKIES  AIQ>  SUBOICAL  DISBASB8  OF  THB  SOFT  PABTBL 

Bappurating  dots  into  the  general  curcnlation.  It  is  a  matter  of  groat 
practical  importance  that  wherever  varicee  exist  there  ia  a  tendency 
towards  inflammatory  processes,  with  increased  transadation  and  cellu- 
lar infiltration.  Hence  it  is  clear  why  the  development  of  vesicles  and 
eczemas  which  break  down  and  ulcerate  are  so  common  upon  lower 
extremities  where  there  are  varices.  Should  a  small  injury  be  received^ 
there  is,  for  the  same  reasons,  only  a  slight  tendency  towards  repair, 
and  an  nicer  may  readily  result  The  ulcers  of  the  leg,  which  are  so 
common,  are  usually  observed  in  conjonction  with  varicositiesi  and  so 
are  correctly  designated  varicose  ulcers  of  the  leg  (Fig.  884).  In  such 
cases  there  asually  exists  a  pronounced  inflammatory  condition  in  the 
lower  extremity,  with  hyperplasia,  extensive  oedema,  and,  in  severe 
cases,  a  deforming  of  the  foot  and  leg  by  an  induration  resembling 
elephantiasis. 

The  diagnosis  and  prognosis  of  varices  may  be  inferred  from  what 
has  JQst  been  said. 

Treatment  of  Varicose  Veins. — ^The  treatment  of  varicose  veins  variea 
with  their  cause  and  location.  I  must  refer  tlie  reader  to  Begional 
Surgery  for  the  detailed  description  of  the  treatment  for  varices  of 
special  localities — such  as  the  leg,  the  rectum  (hemorrhoids),  etc 
()nly  the  following  brief  statements  can  be  given  here :  In  the  first 
place,  varices  can  be  cured  by  operative  measures — such  as  extirpation 
after  previously  applying  a  catgut  ligature,  or  by  cauterisation  with  the 
galvano-  or  Paquelin  cautery,  as,  for  example,  in  the  case  of  haemor- 
rhoids. In  severe  cases  good  results  have  been  obtained  from  the 
removal  of  the  varices,  in  the  lower  extremity,  for  example,  by  the 
following  method  :  By  allowing  the  leg  to  hang  down  from  the  oper- 
ating table  the  varices  are  caused  to  become  prominent ;  thin  rubber 
tubing  is  tied  around  the  upper  third  of  the  thigh,  loosely  enough  not 
to  compress  the  artery.  The  skin  is  divided  by  a  longitudinal  incision 
along  the  entire  length  of  the  varicose  vein,  and  freed  on  both  sides  of 
the  incision.  The  proximal  portion  of  the  vein — generally  the  saphe- 
nous— is  secured  by  a  double  ligature,  and  the  vein,  with  its  ramifica- 
tions, is  removed  from  above  downwards,  without  using  the  edge  of  the 
knife.  The  branches  are  seized  ])y  artery  clamps  and  ligiited.  Per- 
cutaneous ligation  ( Umt<techy(iuj)  of  the  veins  has  also  been  recom- 
mended ;  a  catgut  ligature  is  carried  on  a  curved  needle  under  the 
vein  and  knotted  on  the  skin,  possibly  over  a  drainage  tube.  Even 
after  extirpation  of  the  varices  recurrences  are  rather  common.  In 
extensive  varices  involving,  for  example,  the  subclavian  vein  and  its 
branches,  I  can  recommend  a  very  simple  and  effective  method,  namely, 
ignipuncture — i.  e.,  puncturing  the  varicose  venous  trunks  with  the 
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galrano-cautery,  or  with  the  fine  point  of  the  Paquelin  cautery.  A 
protective  dressing  is  ordinarily  unnecessary,  or,  at  the  most,  only  for 
twenty-four  hours.  The  puncture  wounds  dry  and  are  covered  by 
RDall  scabs,  which  fall  off  after  a  time. 

Ligation  of  the  internal  saphenous  vein  is  perhaps  the  best  treat- 
ment for  the  varices  of  the  leg  which  are  so  common  (Trendelenburg). 
Treodelenburg  has  practised  this  simple  operation  for  years  with  the 
l)eet  results.  Its  success  is  very  surprising.  Varicose  ulcers  of  the  leg 
also  heal  with  remarkable  rapidity.  Petersen  recommends  a  circular 
iocision  about  the  leg  through  the  skin  and  subcutaneous  tissue ;  the 
Teins  are  in  part  ligated  and  in  part  resected,  and  the  skin  sutured. 

The  bloodless  methods  of  treatment  are,  for  the  most  part,  only 

palliative  in  their  nature.     In  the  varices  of  the  leg,  for  example,  they 

consist  mainly  in  the  use  of  dressings  which  exert  pressure,  particularly 

elastic  stockings,  or  roller  and  elastic  bandages.     In  general,  Martin's 

deap  elastic  bandage  is  preferable  to  the  elastic  stocking.     If  ulcers 

rf  the  leg  are  present,  they  should  be  dusted  with  iodoform,  dermatol, 

Msmuth,  or  oxide  of  zinc,  and  over  this  dressing  Martin's  elastic  band- 

^  should  be  applied.     With  these  bandages  the  patient  can  attend  to 

Ik  business.     The  bandages  are  taken  oflE  in  the  evening,  thoroughly 

Wished  in  water,  and  dried  during  the  night.     The  greatest  cleanliness 

11  necessary  in  this  method  of  treatment.     Oftentimes  the  elastic  band- 

•ge  is  not  borne  well,  as  it  causes  an  eczema.     In  this  case  the  rubber 

bandage  should  be  left  off  and  the  eczema  treated  with  diluted  alcohol, 

•ome  ointment,  or  dusted  with  starch,  or  starch  and  zinc  oxide  (5  to 

10 : 1),  over  which  a  gauze  and  cotton  dressing  is  placed.     In  varices 

ol  the  lower  extremity,   Landerer  recommends   compression   of  the 

internal  saphenous  vein  by  a  truss  consisting  of  a  spring  made  in  the 

shape  of  a  parabola,  and  a  pad  filled  with  water ;  this  is  worn  above  or 

below  the  knee. 

Finally,  mention  should  be  made  of  the  injection  of  drugs  into  the 
parts  which  surround  the  veins.  Paul  Vogt  recommends  cutaneous 
•nd  subcutaneous  injections  of  ergotin  into  the  perivascular  tissues. 
If  this  method  is  employed,  as  fresh  solutions  as  possible  of  ergotin 
idionld  be  usied  (extract,  secal.  comut.,  Wernich,  1  to  10  aq.  destil.), 
to  which  it  is  a  good  plan  to  add  a  little  carbolic  acid  (0.10)  to  prevent 
decomposition.  It  is  wise  not  to  permit  the  solution  to  stand  for  too 
long  a  rime,  but  to  renew  it  frequently.  The  solution  is  injected  by  a 
bypodermic  syringe  and  the  small  punctured  wound  closed  by  iodo- 
Fonn  collodion.  If  an  abscess  should  result,  it  must  be  promptly  in- 
jfled.  Injections  of  absolute  alcohol,  or  of  a  few  drops  of  concentrated 
arbolic   acid,  as  in   haemorrhoids,  are   better  than    ergotin  (Lange). 
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Care  must  always  be  taken  to  avoid  any  direct  injnry  to  the  yeitj  sod 
to  make  the  injections  only  into  the  perivascular  tissues. 

§  96.  The  Diseases  of  the  Lymphatic  System. — The  acute  and  chrome 
inflammations  of  the  lymph  vessels  and  glands  have  been  suificiently 
described  under  the  subjects  of  inflammation  (§§  56  to  58),  acute  lym- 
phangitis and  lymphadenitis  (§  68),  tuberculosis,  scrofula,  syphilis,  etc 
We  shall  return  to  tumours  of  the  lymph  glands  in  the  chapters  on 
New  Growths. 

There  only  remains  to  be  briefly  discussed  here  lymphangiectasue 
and  lymph  fistulsB  with  lymphorrhoea  or  lymphorrhagia. 

LymphangiectasisB. — Dilatation  of  the  lymphatic  vessels  (lympban- 
giectasis),  from  obstruction  to  the  return  flow  of  lymph,  occurs  under 
conditions  similar  to  those  which  are  present  in  dilatation  of  the  veini 
Lymphangiectasiie  are  not  infrequently  observed  as  a  result  of  recor- 
rent  attacks  of  hyperemia  and  inflammations  of  various  kinds.  The 
hyperplasia  of  the  skin  and  subcutaneous  tissue  occurring  in  conjnnc- 
tion  with  friequently  repeated  inflammations,  and  which  is  called  ele- 
phantiasis, is  in  the  main  a  true  lymphangiectasis  (see  §  93).  But,  a£i 
general  thing,  the  return  flow  of  lymph  has  so  many  channels  throngi 
which  it  can  pass  that  if  stasis  occurs  compensation  readily  takes  place, 
and  for  this  reason  an  occlusion  even  of  the  thoracic  duct  mav  caiae 
no  serious  trouble.  Lymphangiectasise  are  observed  most  coramonlj 
in  the  lacteal  vessels  of  the  mesentery.  In  rare  cases,  as  a  result  of 
some  traumatism,  there  occasionally  develop  circumscribed  subcuta- 
neous or  interstitial  collections  of  lymph — so-called  lymph  extraFao- 
tions  or  lymph  cyst^  similar  to  the  hsematomata  derived  from  the  blood- 
vessels. 

As  regards  the  symptoms  which  lymphangiectasiie  give  rise  to,  it 
should  be  briefly  stated  that  in  lymphangiectasiae  of  the  skin  the  latter 
is  tilled  with  dilated,  tortuous  lymph  vessels ;  the  skin  for  this  reason* 
has  a  nodular  appearance ;  it  is  covered  with  vesicles,  and  frequently, 
as  a  result  of  hyperplasia  of  the  tissues,  comes  to  resemble  elephantia- 
sis.    If  the  varices  of  the  lymphatic  network  in  the  cutis  are  more  pro- 
nounced, vesicles  of  different  size  develop.     Not  infrequently  the  vari- 
cose lymphatic  vessels  burst  and  give  rise  to  a  so-called  lymph  fistula. 
Gjeorgewic  states  that  in  fifty-five  cases  lymphorrhcea  was  observed 
twenty-two  times  in  consequence  of  the  spontaneous  bursting  of  the 
varicose  lymph  vessels.     The  lymph  usually  exudes  from  one  or  inort 
vesicles  and  sometimes  from  between  the  epithelial  cells,  as  in  one  case 
wliicli  I  saw,  without  an  actual  fistula  being  visible.     Under  these  (i^ 
cumstances,  the  escape  of  lymph,  the  lymphorrhagia  or  lymphorrhot 
may  be  very  considerable.     In  one  case  of  lymphangiectasis  of  the Itba 
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niajora  in  wliich  a  tietula  developed,  Nieden  found  that  in  four  hours 
there  wae  au  escape  of  one  and  a  half  litre  of  a  milky,  slightly  yellow- 
ish hquid  containing  fat  and  resembling  chyle.  The  most  seriouB 
lymphorrliagia  is  that  which  results  from  a  rupture  of  the  thoracic 
duct  caused,  for  instance,  by  a  traumatism  or  by  an  advanced  degree 
of  stasis,  possibly  from  closure  of  its  lumen  by  inflammation  or  .a  tu- 
mour in  its  neighbourhood.  In  such  instances  there  is  a  great  acca- 
mnlation  of  lymph  in  the  thoracic  and  abdominal  cavities  (chylous  hy- 
drothorax  and  chylous  ascites),  which  will  be  described  in  the  Kegional 
Surgery. 

In  the  rare  cases  of  circumscribed,  subcntaneous,  and  interstitial 
collectious  of  lymph  which,  as  a  i-esult  of  a  traumatism,  for  example, 
baa  escaped  from  the  vessels,  there  develops  a  fluctuating,  circum- 
scribed swelling  which  at  the  outset  grows  rapidly  aud  then  usually 
remains  stationary  (lymph  cyats).  Should  the  extravasation  of  lymph 
continue,  a  lymph  fistula  may  eventually  form  from  a  rupture  of  the 
skin. 

The  raicroBcopic  changes  in  lymphangiectasiee  of  the  skin  consist 
principally  in  the  development  of  numerous  irregularly  shaped,  com- 
plex cavities,  lying  in  and  close  beneath  the  papillary  layer  of  the  cutis 
and,  in  fact,  directly  beneath  tbe  epidermis,  which  are  lined  with  endo- 
thelium and  communicate  with  the  plexus  of  lymphatic  vessels.  Not 
infrequently  lymphatic  vessels  with  hypertrophic  walls  are  found  in 
the  deei>cBt  layers  of  the  cutis  and  subcutaneous  cellular  tissue. 

Congenital  Lymphan^ectailB. — The  lymphangiectasis  is  sometimes 
conjxeiiital,  particularly  in  the  tongue  and  lips  (macroglossia,  macro- 
cheilia  lym]ihangeiectatica),  and  also  in  the  skin  of  the  scrotum  and 
labia  pudendi. 

Treatment  of  Lymphangiectasis,  Extravasations  of  Lymph  (Lymph 
Cysts)  and  Lymph  FistoUe. — The  treatment  of  lym [)hangiectaBia'  is  in 
general  the  same  as  for  varicose  veins,  and  often  enough  it  is  unsnc- 
cessfal.  In  many  cases  cauterisation  with  the  fine  point  of  the  Piiquelin 
or  gal  va  no -cautery  renders  excellent  service.  Successful  extirpation 
may  prove  very  difiicnlt  for  the  reason  that  the  boundary  between  the 
diseased  and  healthy  tissues  is  so  hard  to  recognise.  For  lynipli  cysts 
compression  should  lie  tried,  and  if  this  fails,  the  sac  should  Ijc  laid 
open  with  or  without  cauterisation  of  its  walls  with  a  three-  to  five- 
per-cent.  solution  of  carljolic  acid.  Lymph  fistulie  have  been  cnnxi  by 
transverse  division  of  tbe  skin  on  the  proximal  side  of  the  fistula.  As 
regards  tbe  treatment  of  elephantiasis,  injuries  of  the  thoracic  duct, 
and  congenita]  lymphangiectasiffi,  I  must  refer  the  reader  to  Regional 
Salary. 


L. 
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§  97.  The  Diseases  of  the  Peripheral  Venres. — We  shall  confine  ol 
selves  here  only  to  the  surgical  aspects  of  diseases  of  the  nerves— i  ^ 
we  shall  only  take  up  those  which  are  capable  of  surgical  treatu/ezrt 
We  have  already,  in  a  previous  chapter,  discussed  the  most  important 
diseases  of  the  peripheral  nerves.  Degeneration  and  regeneratioD  of 
nerves,  following  contusion  or  division  of  them,  has  been  described  in 
§§  87  and  88,  where  the  sequelae  of  injuries  to  nerves,  the  paralyses, 
and  the  vasomotor  and  trophic  disturbances  have  been  discussed. 
Trismus  and  tetanus  have  been  described  under  the  subject  of  Infec- 
tious Diseases  of  Wounds  (§  73),  and  the  symptoms  of  shock  in  conse- 
quence of  injury  to  the  sensory  nerves  in  §  63.  Inflammation  of  the 
peripheral  nerves  (neuritis)  has  been  described  in  connection  with  in- 
juries of  nerves  (§  87),  but  the  subject  must  be  briefly  reviewed  at 
this  place. 

Veuritis. — Neuritis  occurs  in  an  acute  and  chronic  form.  The  most 
common  causes  of  neuritis  are  injuries  of  various  kinds,  catching  cold, 
inflammations  of  neighbouring  organs,  and  acute  or  chronic  constitu- 
tional diseases,  such  as  typhoid  fever,  the  acute  exanthemata,  diph- 
theria, syphilis,  leprosy,  chronic  alcoholism,  etc.  All  infectious  pro- 
cesses are  of  the  greatest  importance  in  the  etiology  of  diseases  of  the 
peripheral  and  central  nervous  system.  Often  enough  no  definite 
cause  for  the  neuritis  can  be  demonstrated. 

Anatomically,  acute  neuritis  is  characterised  by  redness  and  sweD- 
ing  and  generally  by  a  serous,  or  sero-fibrinous  or  purulent  exudation 
between  the  bundles  of  nerve  fibres.  Microscopically,  in  addition  to 
the  above-mentioned  manifestations  of  hypereemia  and  inflammatory 
exudation  there  is  found  a  commencing  degeneration  of  the  medullary 
sheath  and  axis  cylinder  of  the  nerve  flbres,  and  a  proliferation  of  the 
nuclei  in  the  sheath  of  Scliwann.  Occasionally  the  nerve  perishes 
more  or  less  completely  from  suppuration  or  gangrene.  In  chronic 
neuritis  there  is  j)artly  a  new  formation  of  connective  tissue,  an  indnra* 
tion  and  sclerosis  of  the  nerve,  and  partly  a  degeneration  of  the  nerve 
substance.  In  a  man  who  died  of  alcoholism  Eichhorst  found  a  pe- 
culiar degenerative  atrophy  of  the  peripheral  nerve  flbres  without  con- 
nective-tissue growth  (neuritis  fascians) ;  there  was  also  a  correspond- 
ing atrophy  of  the  muscles. 

The  sviiiptoms  of  neuritis,  as  far  as  they  concern  the  surgeon,  have 
been  described  in  §  87,  under  Injuries  of  Nerves.  For  further  par- 
ticulars we  must  refer  the  reader  to  the  text-books  on  the  pathology  of 
nerves.  We  have  remarked  before  that  neuritis  gradually  extends  in 
the  form  of  an  ascending  and  desceiuHng  neuritis  and  gives  rise  to  cor- 
responding <lit>tiirbances.     The  treatment  of  neuritis  depends  upon  the 
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caose.    In  the  main,  the  surgeon  has  to  deal  with  mjories  to  nerves,  of 
which  the  therapy  lias  been  given  in  §  88. 

Multiple  Veiiriti& — Particular  interest  attaches  to  multiple  neuritis,  in 
tbe  study  of  which  Leyden  has  won  great  credit.  He  distinguishes  the  fol- 
lowing forms :  1.  The  infectious  form  :  paralyses  following  diphtheria, 
typhoid,  and  other  infectious  diseases,  multiple  neuritis  in  syphilis  and 
tuberculosis.  2.  The  toxic  form  of  multiple  neuritis  (lead,  arsenic,  and 
phosphorous  paralysis,  paralyses  following  CO  and  CS  poisoning,  ergotism, 
mercurial  paralyses,  alcoholic  neuritis).  3.  Spontaneous  multiple  neuritis 
following  over-exertion,  exposure  to  cold,  etc.  4.  The  atrophic  (dyscrasic, 
cachectic)  form  following  anaemia  (pernicious  anaemia),  chlorosis,  marasmus, 
cancerous  cachexia,  diabetes,  and  tuberculosis.  5.  The  sensory  neuritis,  pseu- 
do-tabes, neuro-tabes  peripherica :  a.  the  sensory  form  of  multiple  neurites ; 
b,  the  sensory  neuritis  of  tabes.  The  pathogenesis,  course,  and  treatment 
will  be  found  in  the  tex^  books  on  nervous  diseases. 

The  relationship  of  the  nervous  system  to  diseases  of  the  skin  has 
been  briefly  stated  in  §  93,  and  we  shall  return  to  the  subject  of  neuro- 
pathic bone  and  joint  affections  under  Diseases  of  Joints.  New 
growths  of  nerves  are  described  under  the  subject  of  Tumours. 

Traumatic  Veuroiiflb — Traumatic  neurosis  or  traumatic  hysteria,  which  is 
caused  by  concussion  of  the  brain  and  spinal  cord  from  a  fall,  railroad  acci- 
<lents,  severe  contusions,  etc.,  and  sometimes  by  comparatively  slight  acci- 
ilents,  has  already  been  described  on  page  285.  The  treatment  of  the  trau- 
aadc  neuroses  is  a  subject  that  belongs  to  neurology. 

Venralgia. — By  neuralgia  (from  vevpov  and  aXr/o^)  is  understood  a 
^sease  of  the  sensory  nerves  the  chief  symptom  of  which  is  pain.  The 
pun  is  usually  localised  in  a  particular  nerve,  is  of  considerable  inten- 
tity,  and  is  generally  intermittent  or  remittent.  The  neuralgias  belong 
to  tbe  most  common  neuroses,  and  their  causes  are  very  numerous. 
Tliere  often  exists  a  pronounced  neuropathic  disposition.  Of  the 
ni08t  common  causes  there  may  be  mentioned  in  particular  traumatic 
wid  mechanical  influences,  inflammations,  compression,  disturbances  of 
circulation,  also  taking  cold,  infections  like  syphilis,  malaria,  poisoning 
hy  lead  or  mercury,  and  finally  diseases  of  the  central  nervous  system, 
«tc.  Gussenbauer  has  directed  attention  to  the  fact  that  habitual  con- 
stipation is  a  comparatively  frequent  cause  of  trigeminal  neuralgia, 
*nd  I  can  confirm  his  experiences  throughout.  The  pain  usually  conies 
on  in  attacks  of  varying  intensity  and  duration.  The  course  of  the 
neuralgia  is  sometimes  acute — a  few  days  or  a  week — and  sometimes 
chronic,  extending  over  weeks,  months,  or  years.  A  large  number  of 
the  cases  are  incurable,  and  last  throughout  the  rest  of  life.  Neural- 
pB8  of  the  trigeminus,  the  sciatic  and  intercostal  nerves  are  particu- 
irlv  common. 
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Treatment  of  Venralgia. — The  treatment  of  neuralgia  requires  i 
of  all  that  the  cause  of  the  disease  should  be  detennined  by  a  cane/i 
examination  of  the  patient.  By  overcoming  habitual  constipa^on^ 
anaemia,  affections  of  the  genital  apparatus,  especially  in  women^  etc., 
surprising  cures  of  long-standing  reflex  neuralgias  have  often  been 
brought  about. 

The  forms  of  treatment  of  neuralgia  itself  are  very  numerous,  and 
include  particularly  the  use  of  electricity,  narcotics  (morphine,  atro- 
pine), especially  in  the  form  of  subcutaneous  injections,  and  various 
drugs,  such  as  chloroform,  ether,  nitrite  of  amyl,  and  chloral  hjdrate; 
also  the  internal  administration  of  arsenic,  quinine,  preparations  of  iron, 
bromide  of  potassium,  iodide  of  potassium,  and  strychnine.  Among  the 
newer  drugs  used  for  neuralgia  are  antipyrine,  antifebrine,  phenacetine, 
agathin  (one  half  gramme  for  adults  three  times  a  day),  and  migranin 
(one  and  one-tenth  gramme  for  adults  three  times  a  day).  Surgical  meas- 
ures are  often  indicated,  e.  g.,  massage,  nerve-stretching,  neurotomj, 
neurectomy,  extraction  of  the  nerve,  or  neurolysis,  i.  e.,  liberation  of  a 
nerve  that  is  compressed  by  a  cicatrix,  callus,  etc.  Electricity  is  some- 
times very  effective,  especially  the  galvanic  current.  In  addition  to  the 
above-mentioned  remedies,  counter-irritation  of  the  skin,  powerful  elec- 
trical stimulation,  vesicants,  the  red-hot  iron,  etc.,  may  be  tried..  In 
suitable  cases  there  is  great  advantage  in  sea-bathing  or  in  hot  springe 
(Gastein,  Schlangenbad,  Pfaffers,  Ragatz,  "Wildbad,  Wiesbaden,  Tep- 
litz,  Leuk,  etc.),  or  in  cold-water  cures,  grape  cures,  and  particularly  in 
mountain  life  with  proper  exercise.     Massage  is  often  very  succesafoL 

Venrectomy  and  Extraction  of  the  Nenret. — The  surgical  or  opera- 
tive treatment  of  neuralgia  by  neurectomy  or  extraction  of  the  diseased 
nerves  only  succeeds  when  the  neuralgia  is  dependent  upon  a  peripheral 
cause.  But  even  in  such  cases  recurrences  often  occur,  although  no 
reunion  of  the  divided  nerve  has  followed  the  operation.  After 
extraction  of  the  affected  nerve,  the  collateral  branches  which  have 
been  left  intact  may  give  rise  to  a  recurrence,  and  permanent  cures 
after  neurectomy  are  rare,  as  is  shown  by  the  recent  statistics  of  Con- 
rad taken  from  the  clinic  at  Bonn.  Operations  were  performed  ten  to 
fifteen  times  for  a  facial  neuralgia,  for  example,  without  a  single  per- 
manent cure. 

The  technique  of  neurectomy  and  of  extraction  of  the  diseased 
nerves  is  described  in  the  Regional  Surgery. 

Nerve-stretching. — Nerve-stretching  was  first  practised  by  Billrotl 
and  Nussbaum  for  chronic  affections  of  the  nerves,  for  epileptiforn 
attacks,  and  for  neuralgias,  and  has  been  employed  with  greatly  vary 
ing  success  for  sciatica,  tabes,  and  otljer  nervous  diseases.     The  opert 
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tion  IB  performed  by  exposing  and  isolating  the  sciatic  nerve,  for 
instance,  above  the  popliteal  space  or  higher  up  at  the  lower  border  of 
the  glntseus  maximus,  and  having  grasped  the  nerve  with  the  thumb 
and  index-linger,  it  is  stretched  by  a  vigorous  pull  until  it  has  become 
plainly  lengthened.  Nerve-stretching  is  only  indicated  in  diseases  of 
the  peripheral  nerves  and  not  in  affections  of  the  central  nervous 
system.  The  effects  of  nerve-stretching  are  probably  due  to  the  pro- 
daction  of  an  acute  traumatic  inflammation  of  the  parts  surrounding 
the  exposed  nerve,  by  which  pathological  conditions,  such  as  degenera- 
tive processes,  adhesions,  etc.,  are  improved.  In  cases  of  spasm  of 
tbe  facial  nerve,  and  in  severe  cases  of  long-standing  sciatica,  I  have 
pnuitised  nerve-stretching  with  good  results. 

Bloodlets  Stretching  of  the  Sciatic. — For  neuralgia  of  the  sciatic 
nerve  (sciatica)  it  is  an  excellent  plan  to  employ  bloodless  stretching  by 
extreme  flexion  of  the  straightened  leg  at  the  hip  joint,  combined  with 


§  98.  The  Diseases  of  Muscle^  Tendons,  and  Tendon  Sheaths.— Inflam- 
mation of  muscles  (myositis)  originates  most  commonly  from  trauma- 
tisms, and  secondarily  from  inflammation  of  the  immediately  adjoin- 
ing parts  as  a  result  of  disturbances  of  circulation,  or  in  the  course  of 
infectious  bacterial  diseases  (pyeemia,  typhoid,  glanders,  etc.).  The 
ioflammatory  process  in  the  muscle  is  localised  principally  in  the  con- 
nective tissue  lying  between  the  primitive  muscular  fascicfuli,  in  the 
perimjsium  internum,  and  causes  secondary  changes  in  the  contractile 
miwcalar  substance.  In  other  cases  the  latter  is  primarily  the  seat,  for 
instance,  of  atrophy  and  degeneration,  and  the  changes  in  the  inter- 
noscular  connective  tissue  are  secondary. 

Inflammatory  Muscular  Contracture. — Apart  from  the  local  inflam- 
matory disturbances  occurring  in  the  various  forms  of  myositis,  con- 
tncture  of  the  inflamed  muscle  is  one  of  the  most  important  manifes- 
titions.  We  shall  discuss  the  subject  of  contractures  more  fully  later 
<Ni,  and  we  shall  see  that  they  may  originate  from  many  causes,  such  as 
^Mease  of  the  muscles,  nerves,  bones,  and  joints,  or  from  cicatricial 
>lmnkage.  As  regards  inflammatory  contractures,  it  may  be  briefly 
noted  that  every  inflamed  muscle  loses  its  elasticity  and  extensibility  to 
•  greater  or  less  extent,  and  that  the  patient  instinctively  avoids  the 
|*in  due  to  the  stretching  of  the  muscle  by  shortening,  or,  in  other 
tords,  contracting  it.  The  inflammatory  muscular  contracture  origi- 
Dates  in  this  way,  and  may  become  very  severe.  In  this  class  of  in- 
lammatory,  purely  myogenic  contractures,  belong  also  the  so-called 
lehaemic  muscular  paralyses  and  muscular  contractures,  such  as  those 
hich  follow  the  too  tight  application  of  dressings,  and  which  were 
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first  accurately  described  by  Volkmann,  and  then  by  Leser.  The 
ischeemic  contractures  and  paralyses  are  produced  by  cutting  off  the 
arterial  supply,  especially  of  the  hand  and  forearm,  for  too  long  a  time 
by  tight  dressings,  Esmarch's  constriction,  ligation  and  injuries  of  the 
larger  vessels,  as  well  as  by  the  prolonged  action  of  excessive  colA 
The  contractile  muscular  substance  coagulates,  undergoes  waxy  degen- 
eration, and  is  subsequently  absorbed  (Heidelberg,  Kraske).  There  is 
regularly  found  a  noticeable  diminution  or  absence  of  muscular  naclei 
(Molitor),  and  the  nuclei  of  the  smallest  capillaries  also  share  in  theee 
changes.  In  such  cases  the  muscle  is  no  longer  capable  of  regenera- 
tion ;  it  dies.  It  is  really  a  rigor  mortis  of  the  muscle,  though  the 
nerves  retain  their  power  of  conduction.  If  the  ischsemia  does  not  hut 
so  long  a  time,  only  a  part  of  the  muscular  fibres  undergo  d^nen- 
tion,  and  the  rest  persist  and  retain  their  power  of  regeneration.  The 
ischeeniic  contracture  is  marked  by  a  high  grade  of  resistance  to  exten- 
sion into  a  straight  position.  The  prognosis  of  the  ischoemic  psralysu 
and  contracture  depends  upon  the  number  of  muscular  fibres  which 
have  perished,  the  worst  cases  being  incurable,  and  even  the  milder 
ones  requiring  vigorous  treatment  by  massage,  electricity,  and  passire 
motion.  An  attempt  should  always  be  made  to  stretch  the  shortened 
and  stiffened  muscles,  if  necessary,  under  chloroform  narcosis. 

Myositis  Serosa  and  Sero-flbrinoaa. — The  slight  degrees  of  inflamma- 
tion of  nniscle — the  inryositis  serosa  and  sero-Jihrifiosa — which  may 
follow  contusions,  for  example,  are  characterised  anatomically  by  a 
saturation  of  the  perimysium  with  serum  and  by  cellular  infiltration, 
particularly  between  the  muscle  fibres.  The  latter  remain  intact,  or, 
according  to  the  nature  of  the  excitant  of  the  inflammation,  they  un- 
dergo a  cloudy  swelling,  fatty  degeneration,  and  coagulation  necrosia. 
The  defect  in  the  contractile  muscular  fibres  is  more  or  less  restored 
by  proliferation  of  the  muscular  corpuscles  (see  page  483,  Regeneration 
of  Muscle).  If  a  severer  grade  of  inflammation,  such  as  a  purdeid 
myositis,  occurs,  the  muscular  fibres  are  destroyed  en  masse  by  (It- 
erative processes ;  they  break  down  and  undergo  suppuration  and 
putrefaction.  Myositis  purulenta  may  be  a[cute  or  chronic,  taking  the 
form  of  muscular  abscesses  or  of  a  diffuse  suppuration  or  putrefaction, 
as  descrii)e(l  in  the  chapter  on  Cellulitis.  The  suppurative  and  gan- 
grenous inflammations  of  muscle  are  always  due  to  bacterial  infection, 
and  are  observed  in  conjunction  with  infected,  septic  wounds  of  vari- 
ous kinds,  occurring  in  the  course  of  pyaemia,  erysipelas,  typhoid, 
glanders,  endocarditis,  etc.  Multiple  abscesses  in  different  musclea 
often  occur  in  great  numbers.  The  muscular  abscess  occurring  in 
the  course  of  tuberculosis,  the  so-called  cold  abscess,  such  as  the  tuber- 
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cnlar  abscess  or  suppuration  of  the  psoas  muscle  following  tubercular 
iisease  of  the  vertebrse,  runs  an  excfiedingly  chronic  course  unless  it 
receives  energetic  surgical  treatment.  Diffuse  suppurative  and  gan- 
^Doas  changes  in  muscle  are  particularly  apt  to  make  their  appear- 
iDce  in  conjunction  with  a  compound  fracture  which  has  not  been 
:reated  asepticallj. 

Wherever  muscular  tissue  has  been  destroyed  by  suppuration  or 
^grene  there  will  remain,  after  healing  has  taken  place,  a  permanent 
lefect  which  is  repaired  by  connective  tissue,  since,  as  we  remarked 
3D  page  483,  contractile  muscular  substance  4>ossesses  but  slight  powers 
rf  repair.  Corresponding  to  the  size  of  the  defect,  the  connective- 
tiflsne  adhesions  and  the  increasing  cicatricial  contraction,  disturbances 
in  the  functions  of  the  muscles  will  subsequently  develop  in  the  form  , 
of  contractures,  which  may  render  the  affected  extremity  completely 
useless. 

Hyoiitii  Pibroia. — Chronic  inflammations  of  muscle  sometimes  take 
the  form  of  a  myositis  fibrosa.  In  this  we  have  to  deal,  in  the  main, 
with  a  growth  of  firm  connective  tissue  between  the  muscular  fasciculi 
and  a  proportionate  atrophy  of  the  latter.  This  fibrous  myositis,  or 
Bclerosis  of  a  muscle,  occurs  either  diffusely,  changing  the  entire  mus- 
cle into  tough  connective-tissue  masses,  or  it  is  confined  to  certain 
spots.  In  this  category  belong  the  myositis  fibrosa  of  the  biceps  or 
itemo-mastoid  muscles,  for  example,  occurring  in  the  course  of  syphi- 
lis, or  after  paralyses,  or  primary  muscular  atrophies  due  to  different 
canseii,  and  also  the  so-called  rheumatic  indurations.  In  the  latter  the 
inflammatory  process — i.  e.,  the  interstitial  myositis — begins  in  the 
Ijmph  vessels  and  small  veins  and  leads  to  the  production  of  a  vascular 
connective  tissue  and  to  secondary  atrophy  of  the  muscle-fibres.  The 
inflammation  is  probably  due  to  micro-organisms.  The  treatment  of 
Aese  indurations  consists  in  warm  local  baths,  massage,  inunctions  of 
unpentum  ciuereum,  and  possibly  in  excision  (Strauss).  Indurations 
of  muscle  may  also  result  from  the  invasion  and  encapsulation  of 
trichinae  (Curschmann). 

Xyofitii  Oadfloanib — Special*  interest  attaches  to  myositia  ossificans. 
He  development  of  bone  in  muscle  is  observed  under  various  patho- 
logical conditions ;  for  example,  in  conjunction  with  callus  formation 
tfter  a  fracture.  Bone  occasionally  forms  in  muscle  as  a  result  of 
"ome  frequently  repeated  traumatism,  such  as  the  kick  of  a  gun,  which 
Day  give  rise  to  the  development  of  bone  in  the  biceps  and  pectoralis 
iDseles  (the  so-called  exercise  bones).  Riding  may  lead  to  bony  for- 
lation  in  the  adductors  of  the  thigh  (riders'  bone).  Two  kinds  of 
yositis  ossificans  can  be  distinguished.     In  one  form  the  new  forma- 
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tioii  of  bone  Btarts  in  the  perioeteum  and  involves  the  mnBcle  Be&osd- 
aril;,  and  in  the  otlier  variety  it  begins  in  the  mnBcle,  and  the  new  \)0gf 
either  remains  independent  of  the  periostenm  or  becomes  eonDected 
later  with  tlie  periosteum  and  bones.  The  afEection  is  probablj  of 
traumatic  origin,  particularly  the  first  form ;  a  single  trauma  or  repraled 
traumatic  influence  gives  rise  to  an  ossifying  periOBtitis  which  spreidi 
to  the  muscle  secondarily,  particularly  at  its  point  of  insertioD  on  the 
bone.  It  is  really  an  exostosis  formation  which  spreads  to  the  tniucle 
as  in  the  very  interesting  case  described  by  Lange  (see  page  flUi, 
Fig.  11)3).     In  rare  cases  free  osteomata  are  found  which  are  not  con- 
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nocteil  with  the  bone.  In  those  instances  the  osteoma  formation  raw 
he  caused  by  a  local  congenital  anomaly  of  development  as  assDineil  in 
the  case  of  myositis  ossificans  multiplex  progressiva  fsee  below).  It  u 
also  possible  that  here  too  traumatism  may  be  of  etiological  importsn* 
One  can  imagine  that  in  consequence  of  an  injury  periosteum  or  bidiU 
fragments  of  hone  may  liecnme  lodgeil  in  the  neighbouring  connective- 
tissue  or  muscle,  or  that  osteoblasts  may  be  carried  by  the  circulation 
from  some  point  of  iiijurv  of  the  periosteum  or  bone  to  the  muscle, 
and  in  this  way  give  rise  to  the  formation  of  an  osteoma.  Fig.  ^ 
represents  a  case  in  which  the  brachialis  anticus  was  completelv  changed 
into  bone.  Diims  observed,  in  connection  with  the  formation  of  bone 
in  the  deltoid  muscle,  a  reAex  neurosis,  consisting  of  tremor  and  puu 
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i  the  entire  arm  down  to  the  linger  tips,  which  only  occurred  when 
be  gun  pressed  upon  the  exercise  bone  (osteoma),  and  disappeared 
«mpletely  after  its  extirpation. 

kyofiitii  OflsiflcaiLS  Multiplex  Frogressiya. — This  is  a  very  peculiar 
iSection  which  sometimes  begins  during  childhood.  A  great  number 
of  muscles  gradually  change  into  bone,  causing  the  condition  of  the 
patient  to  become  extremely  deplorable.  The  disease  runs  a  very 
chronic  course,  lasts  for  years,  and  is  often  characterised  by  typical 
attacks  of  fever  and  pains  with  subsequent  bone-formation.  After 
the  reception  of  some  slight  traumatism,  or  without  any  apparent 
reason,  painful  doughy  swellings  develop  in  the  muscles  and  inter- 
muscular connective  tissue,  and  in  a  few  days  they  disappear.  A  pre- 
liminary stage  of  fibrous  induration  can  usually  be  made  out  (Lexer). 
Inflammatory  fibrous  proliferation  of  the  perimysium  internum  and 
degeneration  of  the  muscular  fibres  result  in  the  formation  of  fibrous 
nodules  primarily  in  the  muscle  and  independent  of  the  bone.  True 
bone  is  then  gradually  formed,  partly  from  the  bone  itself  in  the 
vicinity  of  the  muscular  insertions  and  partly  in  the  nmscle.  Nodular, 
branching  masses  of  bone  develop,  especially  in  the  muscles  of  the 
back  and  neck  (Fig.  386).  The  jaws  may  be  firmly  held  together  by 
ossification  of  the  masseters,  and  the  movements  of  the  vertebrae  and 
the  different  joints  may  become  lost  in  consequence  of  the  ossification 
of  the  muscles,  tendons,  and  ligaments.  These  pitiable  individuals 
&Jally  die  in  misery  from  motor  disturbances,  or  from  interference 
^th  respiration  and  nutrition. 

The  nature  of  tliis  very  remarkable  disease  is  still  but  little  understood. 
There  is  evidently  a  pronounced  tendency  to  the  formation  of  bone  in  the 
<^nnective  tissue  of  the  muscles,  fascia,  tendons,  and  ligaments,  as  though 
periosteum  had  strayed  into  these  tissues.  The  affection  is,  in  all  probability, 
a  congenital  anomaly  of  develoj)ment,  esiKJcially  as  in  some  cases  malforma- 
tions of  the  extremities  have  been  present  at  the  same  time  (micro-dactylism, 
<»ngenital  anchylosis  of  the  joints  of  the  big  toes  and  of  the  thumbs) 
Stem  pel  regards  the  process  as  an  imperfect  differentiation  of  the  original 
^Dibryonic  gelatinous  tissue  representing  the  mesenchyma  from  which  on 
the  one  side  connective  tissue  and  on  the  other  cartilage  and  boue-tissuo 
develop.  If  this  normal  differentiation  is  disturbed  cartilage  and  bone 
develop  in  places  which  should  be  filled  only  with  connective  tissue.  Pincus 
has  advanced  the  theory  that  the  disease  is  in  the  main  traumatic  in  nature, 
and  is  probably  caused  by  lesions  of  the  soft  parts  at  the  time  of  delivery. 
It  is  perhaps  possible  that  the  new  formation  of  bone  is  caused  by  osteoblasts 
which  are  carried  through  the  circulation.  The  chief  question  is :  Where 
Iocs  the  bone  originate  ?  In  the  intermuscular  connective  tissue,  in  the  mus- 
le,  or  from  periosteum  and  bone,  and  then  invade  the  muscle  secondarily  ? 
loth  ways  are  possible.     I  believe  with  Virchow  that  in  most  cases  the  new 
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bone  formation  starts  in  the  periosteum  or  bone  and  then  extends  to  the 
muscles  secondarily ;  in  other  words,  that  there  is  a  multiple  exostosis  forma- 
tion with  secondary  ossification  of  the  muscle  and  connective  tissue.  Besides 
this  there  are  cases  where  new  bone  develops  primarily  in  the  intermuscular 
connective  tissue  and  the  muscle  itself  and  is  not  connected  with  the  bone, 
so  that  the  bony  tumour  can  be  grasped  with  the  hand  and  moved  freely.  In 
the  latter  case  this  ossification  takes  place  according  to  the  endochondral  as 
well  as  the  periosteal  type.  In  a  typical  case  which  Stem  pel  observed  for 
three  years  and  a  half  the  formation  of  bone  started  in  the  connective  tissue 
In  a  similar  case  of  Roth's  almost  all  the  bony  growths  were  connected  with 
the  bone  itself.  I  think  the  disease  should  be  looked  upon  not  as  an  inflam- 
matory process,  but  as  a  tumour  formation — ^i.  e.,  either  miiltiple  exostoses 
or  multiple  intramuscular  osteomata  in  the  connective  tissue. 

The  treatment  of  the  severe  cases  of  myositis  oesificans  offers  no 
hope,  but  the  milder  cases  may  derive  some  benefit  from  iodide  of 
potassium  and  inunctions  of  ungt.  hydrarg.  ciner.  Whenever  posable, 
operative  measures  should  be  undertaken — i.  e.,  the  ossified  muscle 
should  be  extirpated,  and,  if  it  be  connected  with  the  periosteum  and 
bone,  the  periosteum  and  cortical  layer  of  bone  should  also  be  removed. 

The  treatment  of  the  above-mentioned  acute  and  chronic  inflamm*- 
tions  of  muscle  is  conducted  upon  the  lines  which  have  been  laid  down 
for  the  treatment  of  inflammation  and  suppuration. 

Caloification  of  the  HuBclei  has  no  clinical  importance.  It  occurs  in  the 
neighbourhood  of  inspissated  abscesses  and  in  indurated  inflammatory  swell- 
ings. Extensive  calciflcation,  such  as  Meyer  observed  in  the  muscles  of  the 
leg,  is  exceedingly  rare. 

Muscular  Eheumatism. — Acute  and  chronic  muscular  rheumatism 
dei>end  upon  inflammatory  changes  which  are,  to  be  sure,  slight  in 
amount.  There  are  usually  no  gross  anatomical  changes  in  a  chronic 
muscular  rheumatism  which  has  lasted  for  years ;  but  the  acute  form 
is,  for  the  most  part,  a  serous  or  sero-fibrinous  myositis.  Ve  still 
know  but  very  little  about  the  nature  of  muscular  rheumatism.  The 
manifestations  of  acute  muscular  rheumatism  are  very  much  like  thoec 
exhibited  after  subjecting  the  muscles  to  some  traumatism.  The  chief 
symptom  consists  in  the  more  or  less  severe  pains  in  the  muscle.  R 
occurs  especially  as  lumbago  and  as  rheumatism  of  the  stemo-mastoid 
muscle  (rheumatic  torticollis).  In  addition  to  the  rheumatic  forms  of 
lumbago  there  is  also  a  traumatic  form  which  follows,  for  e.xamplCt 
forced  forward  flexion  of  the  back.  The  rheumatic  affection  of  the 
stemo-mastoid  is  usually  accompanied  by  a  marked  contraction  of  the 
muscle,  causing  the  head  to  be  inclined  toward  the  affected  side. 

Chrotiic  muscular  rheumatism  is  characterised  by  shooting,  tearing, 
generally  vague  pains  in  the  substance  of  the  muscle,  which  are  usually 
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sxeited  or  increaeed  by  bad  weather.  In  the  subsequent  course  of  a 
^ren  muscular  rheumatism  it  often  turns  out  that  some  constitutional 
lisease  is  present,  such  as  syphilis,  tuberculosis,  carcinoma,  etc.  I 
duure  Erben's  opinion  that  true  muscular  rheumatism  is  rare,  and  that 
i  is  often  made  to  include  other  diseases,  such  as  neuralgia,  inflamma- 
ions  of  neighbouring  joints — e.  g.,  of  the  spine  in  cases  designated  as 
lumbago.  In  every  case  one  should  determine  where  the  pain  on 
pressure  exists,  whether  in  the  muscles,  nerves,  bone,  or  joints,  and 
the  treatment  should  be  directed  toward  the  diseased  condition  that 
is  found.  The  best  treatment  for  the  true  acute  and  chronic  muscu- 
lar rheumatism  consists,  according  to  my  experience,  in  the  use  of 
magsage,  in  the  diligent  exercise  of  the  affected  muscles,  and  also  in 
cold-water  cures  and  the  use  of  warm  springs  (Teplitz,  Wiesbaden, 
Kehme,  Gastein,  etc.).  Electricity  is  also  serviceable;  but  massage^ 
akilfnlly  administered  and  combined  with  muscular  exercise,  is  the 
best  therapeutic  measure. 

Tnberonlofis  of  HuscleSb — Tuberculosis  of  the  muscles  is  most  com- 
monly secondary  to  tubercular  disease  of  the  surrounding  parts,  or  it 
follows  deposition  of  the  tubercle  bacilli  by  the  circulation,  such  as 
occurs  in  general  miliary  tuberculosis  (see  §  83,  Tuberculosis). 

Byphilif  of  HuicleSb — Syphilis  may  become  localised  in  muscles, 
occurring  sometimes  in  a  diffuse  form,  as  myositis  fibrosa,  and  some- 
times circumscribed,  as  a  gumma  tumour,  especially  in  the  sterno- 
mastoid  muscle.  Braman  is  right  in  calling  attention  to  the  fact  that 
many  of  the  so-called  rheumatic  indurations  of  muscle  are  due  to 
syphilis. 

Xnicular  Atrophy. — Atrophy  of  the  muscles  is  observed  in  various 
pathological  conditions.  Atrophy  and  degeneration  may  follow  inac- 
tivity of  the  nmscles  (atrophy  of  disuse),  such  as,  for  example,  occurs 
temporarily  after  the  application  of  immobilising  dressings  for  fractures 
or  joint  disease  ;  or  it  may  be  due  to  disease  of  the  central  or  periph- 
eral nervous  system  (neuropathic  atrophies),  or  to  the  above-mentioned 
mflanimatory  processes,  traumatisms,  etc.  The  muscular  atrophy 
wcompanying  joint  affections  is  sometimes  not  the  result  of  disuse, 
but  is  caused  by  the  local  disease  near  by — that  is,  by  an  involve- 
ment of  tlie  muscles  in  the  diseased  process  going  on  in  the  joint,  as 
is  the  case  particularly  in  acute  articular  rheumatism  (Striimpell). 
According  to  Paget,  Hoffa,  and  others,  the  muscular  atrophy  accom- 
panying joint  disease  is  essentially  reflex  in  its  nature — i.  e.,  the  ter- 
ninations  o|  the  nerves  in  the  joints  are  irritated  by  the  inflammation 
[oing  on  there.  This  irritation  is  carried  centripetally  to  the  ganglion 
bUs  in  the  anterior  horns  of  the  grey  matter  in  the  spinal  cord — i.  e.y 
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to  the  spinal  centres  of  the  nerves  governing  the  nutrition  of  the 
atrophying  muscles — and  excites  in  them  certain  changes  which  pro: 
duce  the  muscular  atrophy.  The  reflex  atrophy  does  not  take  place 
in  dogs,  for  example,  when  the  knee-joint  is  inflamed,  if  the  posterior 
roots  of  the  third,  fourth,  and  fifth  lumbar  and  first  sacral  nerves  have 
been  divided  (HoflFa,  and  others).  I  share  the  opinion  with  Sulzer, 
Strasser,  and  others,  that  the  muscular  atrophy  in  joint  diseases  is 
mainly  an  atrophy  of  disuse,  and  one  can  often  demonstrate  that  the 
amount  of  atrophy  depends  upon  the  degree  of  mobility  of  the  joint 
Besides  this  atrophy  of  disuse  the  trophoneurotic  reflex  atrophy  due 
to  the  joint  lesion  also  comes  into  consideration,  particularly  in  the 
whollv  unused  muscles. 

Anatomically,  we  distinguish  the  following  forms  of  muscular 
atrophy : 

1,  Simple  atrophy  of  the  muscular  fibres ;  2,  atrophy,  writh  an  inter- 
stitial growth  of  fat  cells  (lipomatosis  of  the  muscles) ;  and,  3,  degener- 
ative atrophy. 

Simple  Atrophy. — In  simple  muscular  atrophy  following  local  or  consti- 
tutional disturbances  of  nutrition,  the  muscular  fibres  decrease  in  size  and 
number,  and  no  other  anatomical  changes  can  be  found.  Atropliy  of  the 
muscular  fibres,  with  a  growth  of  adipose  and  connective  tissue  between 
the  muscular  fibres,  is  frequently  observed.  Generally  the  growth  of  the  fat 
and  connective-tissue  cells  is  secondary  to  primary  atrophy  and  degeneration 
of  the  nmscles.  Occasionally  the  development  of  fatty  tissue  in  the  muscle 
is  so  extensive  that  the  latter  increases  in  size.  This  is  the  case  in  the  fol- 
lowinjif  form  : 

Pseudo-hypertrophic  Muscular  Paralysis  (EIrb).— This  disease  occursalmofit 
exclusively  in  children,  particularly  boys,  and  consists  in  a  gnulually  devel- 
oping simple  atrophy  of  the  muscles,  with  a  secondary  interstitial  growth  of 
fat  cells  (Fig.  387),  which  may  become  so  pronounced  that  many  muscles- 
among  others  those  of  the  calf  of  the  leg — become  considerably  increased  in 
size.  In  addition  to  these  abnormally  liyi)ertrophied  muscles  there  are  others 
which  ai'c  greatly  emaciated.  The  atrophy  spreads,  and  involves  the  greater 
part  of  the  muscular  system  ;  the  paralysis  of  the  nmscles  steadily  increases, 
and  the  patients  become  constantly  more  helpless.  Death  iisually  occurs 
within  five  to  ten  to  fifteen  years  from  marasmus  or  from  paralysis  of  the 
muscles  of  respiration.  The  pseudo-hypertrophy  is  a  primary  disease  of  the 
muscles,  and  is  probahly  due  to  a  congenital  change  in  the  muscular  tissue, 
which,  at  the  period  when  development  takes  place,  leads  to  a  growth  of  fat 
in  the  ])erimysium  internum  and  to  atrophy  of  the  muscular  fibres. 

Fatty  Degeneration.— The  fatty  degeneration  of  the  muscular  fibres  he- 
longs  to  the  degenerative  atrophies  of  muscle.  In  this  the  primitive  niusco- 
lar  fasciculi  cliang(»  into  fat  as  a  result  of  inflammatory'  processes,  or  inac- 
tivity due  to  paralysis,  or  of  trophic  disturbances  due  to  a  degeneration  of 
the  anterior  roots  of  the  spinal  nerves;  or  it  may  occur  in  connection  with 
an  anchylosis  or  one  (^f  the  acute  infectious  diseases  (typhoid  fever,  diphlbft- 
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ia),  or  maj  follow  phosphorus  poisouiug,  elc.  Tlie  so-called  progressive 
nuscukr  atrophy  belongs  to  thin  group.  The  form  of  pruuressive  muscular 
iSnpbf  described  by  Duclienne  aud  Arau  is  produced  by  spinal  disturbances, 
rhile  other  forms  are  dependent  upon  multiple  disease  of  nerves,  or  have 
Ik  nature  of  primary  muscular  affections.  To  this  latter  class  of  cases  be- 
oogs  juvenile  muscular  atrophy  (Erbj,  wluch  runs  its  course  sometimes  with, 
kud  sometimes  without,  lipomatosis.  The  atrophy  of  the  muscles  is,  for  the 
axrt  part,  primary,  and  as  it  increases  paralysis  gradually  develops.  The 
imtK  begins  in  a  particular  group  of  muscles,  often,  for  example,  in  the 


bud  or  the  ball  of  the  thumb.  The  atrophy  then  spreads  intermittently,  and 
IB  the  severest  cases  gradually  attacks  the  majority  of  the  muscles.  Prog^^ss- 
tXiQUscular  atrophy  belongs  to  the  domain  of  nervous  diseases,  and  conse- 
iDOitly  we  cannot  take  it  up  more  fully  here. 

Wuy  Sef^eration  occurs  especially  in  typhoid  and  puerperal  fevers,  as 
kmultof  contusions,  in  tetanus,  and  after  the  muscles  have  become  thor- 
H^ly  tired  out  by  electrical  stimulation  (Roth).  We  have  to  deal  in  this 
nodition  with  a  death  of  the  contractile  muscular  substance  aud  its  coagu- 
■•tion  into  a  translucent  hyaline  mass. 

Aayloid  D^enBration  of  the  Koaclea.— Amyloid  degeneration,  which 
laj involve  the  muscles  of  the  tonsrue  and  larynx  as  a  result  of  inflamma- 
"Ofj  processes,  is  a  very  rare  disease  of  muscle.  According  to  Ziejrler,  amy- 
Md degeneration  alTects  the  perimysium  internum  and  sarcolemma.  causing 
im  to  become  thickened  and  present  a  homogeneous  appearance,  while  the 
!nitracti1e  substance  disappears. 

Rj per UOphy, —Mitnoilar  hypertrophy  has  no  practical  interest:  it  is 
■rtly  acquired  and  partly  confjenital. 

Homilar  SaSeoU. — Congenital  muscular  defects,  which  may  occur  in  the 
Ktoralis  major  and  minor  aud  in  other  muscles,  should  also  he  mentioned. 

Tumours  of  muscles  are  discussed  under  the  subject  of  tumours.  Of 
iniAl  parasites  which  occur  in  muscles  there  are  the  trichina,  the  Cysti- 
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cercxis  cellulosce,  and  the  echinococcus  (see  Regional  Surgery).  Marguet 
states  that  the  echinococcus  is  found  most  frequently  in  the  adductors  of  the 
thigh,  in  the  glutsei,  the  quadratiis  femoris,  biceps  of  the  arm,  the  pectoralei, 
the  trapezius,  deltoid,  and  muscles  of  the  back  and  abdomen.  They  form 
fluctuating  tumours  which  should  be  removed  by  extirpation  or  by  incisioQ 
followed  by  scraping  them  out  Actinomycosis  of  muscles  is  described 
in  §86. 

Inflanmiatioiis  of  the  Tendons  and  Tendon  SheathB  may  occur,  in  the 
first  place,  as  an  acute  dry  tenosynovitis  (tenalgia  crepitans),  a  form 
which  corresponds  to  dry  pleurisy  (pleuritis  sicca).  This  is  character- 
ised by  a  deposition  of  fibrin  upon  the  inner  surface  of  the  teodon 
sheath  and  upon  the  surface  of  the  tendon.  As  a  result  of  this  rough- 
ening, when  the  tendon  is  moved  a  soft  crepitation  or  a  grazing  or 
creaking  sound  is  communicated  to  the  hand  held  over  the  inflamed 
region.  This  form  of  tenosynovitis  affects  most  commonly  the  extensor 
tendons  of  the  forearm  in  individuals  who  work  at  heavy  manual  labour; 
it  may  also  occur  in  the  tendons  of  the  leg  (the  tibiales  and  Achillei 
tendons)  after  a  long  march,  for  example. 

The  treatment  of  tenalgia  crepitans  consists  in  painting  the  parts 
with  tincture  of  iodine,  in  immobilising  them  with  proper  dressiDgt 
(splints,  etc.)  and  applying  moderate  pressure  with  cotton,  and  later  em- 
ploying massage  and  passive  motion.  I  use  massage  as  soon  as  pogsible. 
Recovery  usually  takes  place  in  one  to  two  to  three  weeks. 

Acute  Suppurative  TenoBynovitii. — Suppurative  inflammation  of  tb» 
tendons  and  tendon  sheaths  (tenosynovitis  acuta  purulenta)  is  mo0t 
commonly  the  result  of  some  injury  which  has  not  been  treated  and- 
septicaliy,  or  of  a  suppurative  process  in  the  neighbourhood.  Suppn- 
rative  infiammation  of  the  tendons  and  tendon  sheaths  has  beeDd^ 
scribed  under  the  subject  of  Cellulitis,  in  §  70,  and  consequently  will 
be  only  briefly  mentioned  here.  In  the  fingers,  especially,  the  so-called 
paronychia  or  felon  easily  spreads  to  the  tendon  sheaths  (panaritium 
tendinosum).  Suppurative  tenosynovitis  is  characterised  by  a  colle^ 
tion  of  pus  between  the  tendon  and  its  sheath,  and  by  a  cellular  infiltn- 
tion  of  the  intrafascicular  connective  tissue.  The  milder  cases,  which 
are  treated  by  incision  and  antiseptic  dressings,  terminate  in  a  z^* 
tutw  ad  integrum  ;  in  others,  an  adhesion  of  the  tendon  to  the  tendon 
sheath  or  death  of  the  tendon  take  place. 

"Yhe  treatment  of  suppurative  tenosynovitis  consists  in  making© 
incision  at  the  earliest  possible  moment,  followed  by  drainage  and  anti- 
septic dressings.  It  is  a  very  important  matter  to  place  the  diseased 
limb  in  a  suitably  elevated  position.  If  the  hand,  for  example,  i* 
involved,  it  should  be  suspended  vertically  by  means  of  suspension 
splints  (see  Fig.  194).     If  the  suppuration  of  the  tendon  sheaths  is 
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extensive,  the  same  treatment  should  be  employed  as  was  described 
for  cellulitis  in  §  70.  The  poultices  which  used  to  be  employed 
h?e  been  given  up  entirely,  and  the  ice  treatment  is  also  not  very 
effective.  Whenever  it  is  possible,  suppuration  should  always  be 
Mticipated,  and  its  extension  should  be  prevented.  If  necrosis  of 
the  tendon  occurs,  care  should  be  taken  to  keep  the  affected  portion  of 
the  limb  in  the  position  in  which  it  will  be  the  most  useful  afterwards. 
The  treatment  of  defects  in  tendons  is  discussed  on  page  482. 

TnberculooB  of  the  Tendon  Sheaths. — Tubercular  tenosynovitis  occurs 
both  as  a  primary  disease  and  secondary  to  tuberculosis  in  the  neigh- 
bourhood. Primary  tuberculosis  of  the  tendon  sheaths  is  not  so  rare 
«  Qsed  to  be  believed ;  it  develops  occasionally  from  some  traumatism 
(eontnsion,  sprain).  Tubercular  tenosynovitis'  is  characterised  by  the 
formation  of  miliary  tubercles,  greyish-red,  gelatinous  granulation  tis- 
loe,  and  in  the  later  stages  by  the  formation  of  caseous  or  suppurat- 
«iiig  masses  which  are  distributed  along  the  tendon.  In  the  benign 
cases  of  tuberculosis  of  the  tendon  sheaths,  Goldmann  states  that  the 
process  is  a  fibrinoid  degeneration,  and  that  cheesy  degeneration  does 
not  occur.  The  fibrinoid  degeneration  often  leads  to  the  formation  of 
rice  bodies — that  is,  the  degenerated  fibrous  and  villous  growths  break 
loose  and  become  free  corpuscles  (corpuscula  oryzoidea),  which  are 
like  grains  of  rice ;  in  this  way  the  so-called  rice-body  hygroma  devel- 
<^  (see  page  559).  Eonig,  on  the  other  hand,  claims  that  all  rice 
bodies  in  tubercular  joints,  tendon  sheaths,  and  bursee  are  formed 
from  fibrin ;  some  result  from  clots  of  fibrin  which  are  formed  in  the 
qmovial  fluid,  and  others  from  deposits  on  the  wall  of  the  synovial 
eivity  which  have  become  partly  organised  by  the  cells  of  the  latter. 
In  my  opinion  the  rice  bodies  are  formed  in  both  ways,  but  in  the 
great  majority  of  cases  they  are  the  result  of  a  degenerative  process, 
IB  described  by  Goldmann,  and  the  formation  of  fibrin  is  usually 
leeoDdary.  Rice  bodies  are  also  formed  in  the  same  way  in  non- 
tnbercular  joints,  bursse,  and  tendon  sheaths  (see  also  page  581). 

The  treatment  of  tubercular  tenosynovitis  consists  in  carefully  re- 
nioving  the  tubercular  deposit  with  the  scissors,  forceps,  and  sharp 
'  ipoon.  I  have  obtained  excellent  results,  and  even  entire  cures,  in 
primary  tuberculosis  of  tendon  sheaths.  Care  must  always  be  taken 
that  every  bit  of  the  diseased  tissue  is  removed.  Iodoform  injections 
vhich  are  very  efficacious  are  discussed  on  page  429.  Losses  of  sub- 
ftance  in  tendons  can  be  remedied  as  described  on  page  482. 

Hydrops  Tenovaginalis  {Hygroma  of  the  Tendon  Sheaths). — By  hy- 
groma or  hydrops  tenovaginalis  is  understood  a  cystic  formation  which 
occurs  especially  in  the  tendon  sheaths  of  the  hand,  particularly  in  the 
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palm,  where  it  affects  the  flexor  tendons  beneath  the  anterior  annolai 
ligament,  also  in  the  fingers  and  on  the  dorsum  of  the  hand  It  con- 
sists essentially  of  an  abnormal  increase  in  the  secretion  of  the  teodon 
sheatli.  Some  hjgromata  are,  as  we  have  said,  tubercular  in  their 
origin.  To  avoid  repetition,  we  shall  discuss  hygroma  of  the  tendon 
sheatli,  together  with  hygroma  of  bursae,  in  §  99. 

TninourB  of  Tendon  Sheaths. — We  shall  return  to  tumours  of  tlie  ten- 
don sheaths  under  the  subject  of  tumours.  Fibromata,  fibrosarcomata, 
sarcomata  and  lipomata  are  liable  to  occur  in  this  situation.  The  latter 
kind  of  tumour  occasionally  forms  diffuse  growths  (lipoma  arborescenfi) 
which  are  sometimes  symmetrical. 

Bice  Bodies  in  Tendon  Sheaths. — I  have  already  described  the  forma- 
tion of  rice  bodies  in  tuberculosis  of  tendon  sheaths.  Similar  fibroue 
or  cartilaginous  formations  are  sometimes  observed  in  syphilis,  gout, 
after  injuries,  and  occasionally  without  a  demonstrable  cause.  TheM 
bodies  sometimes  reach  a  considerable  size,  and  then  resemble  floating 
cartila<^es. 

Myotomy  and  Tenotomy. — Brief  mention  should  here  be  made  of  the 
subcutaneous  division  of  muscles  and  tendons — subcutaneous  myotomj 
and  tenotomy — an  operation  which  is  often  practised  for  contractnr€& 
The  operation  is  performed  in  the  following  manner:  The  tenotonjCj 
a  pointed,  slightly  curved  knife  (see  Fig.  57,  page  71),  is  introduced 
with  antiseptic  precautions,  and  the  muscle  or  tendon — ^it  may  be  the 
tendo  Achillis  or  contracted  fascia — is  cut  through  Bubcutaneoosly. 
The  small  punctured  wound  is  covered  with  an  antiseptic  dressing 
which  exerts  pressure.  The  gap  which  forms  between  the  retracted 
ends  of  the  tendon  is  then  filled  in  by  newly  developed  connective  tis- 
sue. The  missing  portion  of  tendon  becomes  entirely  regenerated,  and 
the  nmscle  suffers  no  loss  of  function.  The  intervening  portion  of  ten- 
don is  developed  from  the  cellular  sheath,  that  wide-meshed  connective 
tissue  which  partly  envelops  the  tendon  and  is  partly  inserted  upon  it 
by  means  of  bands  (vincula  tendinum).  The  technique  and  indications 
for  myotomy  and  tenotomy  in  particular  portions  of  the*  body  are  dis- 
cussed in  the  Rejrional  Surgery. 

§  99.  The  Diaeases  of  the  Burss. — The  bursie  mucosae  are  more  or 
less  sharply  defined  connective-tissue  sacs  having  a  smooth  inner 
surface  which  is  covered  with  endothelium,  and,  like  the  joints,  secretef 
synovia. 

Origin  and  Occurrence  of  BuraaB.— Bursae,  as  a  rule,  develop  in  plac« 
when*  the  skin,  fascia,  muscles,  etc.,  are  subjected  to  continual  pressure  an 
friction,  particularly  over  bony  prominences.  This  explains  why  the  nur 
ber  of  bursiv  is  not  constant,  and  wliy  bursas  form  in  portions  of  the  boc 
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other  than  where  they  normally  occur  (so-called  accidental  or  supernumerary 
Irarse).  One  may  thus  develop  upon  the  first  metatarsal  hone  in  hallux  val- 
gus, over  the  spinous  processes  in  kyphosis  of  the  vertebrae,  upon  the  sternum 
of  shoemakers,  etc.  Young  children  lack  a  large  number  of  bursae  which 
subsequently  develop  as  the  parts  become  subjected  to  increased  use.  Bursas 
originate  from  the  soft  connective  tissue  which  lies  between  two  layers  of 
tissue,  and  which  becomes  more  and  more  wide-meshed.  The  space  in  the 
tisues  is  at  the  outset  irregular  and  contains  atrophied  connective-tissue 
fibres,  but  it  develops  by  degrees  into  a  complete  sac  with  smooth  walls 
and  endothelium  like  any  other  connective-tissue  space.  The  number  of  the 
more  or  less  constant  bursae  is  very  great.  Gruber  found  eighteen  in  the 
parts  around  the  knee  joint  and  eleven  bursae  musculares  at  the  elbow  joint, 
in  addition  to  the  bursa  anconea  epitrochlearis  and  epicondylica.  Velpeau 
found  fourteen  bursas  on  the  dorsum  of  the  hand,  etc. 

Aeute  Inflammation  of  a  Bona. — The  acute  inflammation  of  a  bursa 
(acute  hygroma,  bursitis  acuta)  is  either  serous,  sero-fibrinous,  or  puru- 
lent All  cases  of  acute  bursitis  give  rise,  in  consequence  of  the  in- 
creased secretion,  to  a  more  or  less  prominent  fluctuating  tumour.  The 
poralent  inflammation  occasionally  takes  on  a  phlegmonous  character, 
causing  the  pus  to  burrow  into  the  neighbouring  cellular  tissue  or  into 
jomts,  etc.  The  bursa  most  commonly  inflamed  is  the  bursa  prsepatel- 
liris  (see  Regional  Surgery). 

Chronic  Inflammation  of  Buras  (Hygroma). — The  most  common  form 
of  the  chronic  inflammation  of  bursae  is  the  hydrops  or  hygroma.  In 
the  majority  of  instances  it  occurs  as  a  painless  fluctuating  tumour,  with- 
Oflt  change  in  the  cutaneous  covering.  Its  contents  consist  of  a  thick, 
mucoid  liquid.  The  shape  of  the  tumour  corresponds  to  the  degree  of 
extension  of  the  bursa.  The  hygroma  prsepatellare  is  the  most  com- 
mon of  all  hygromata  of  bursae  (see  Regional  Surgery).  Should  a  com- 
munication exist  between  the  hygroma  and  a  joint,  a  corresponding 
«erou8  efihision  will  be  founds  in  the  latter.  Hygromata  sometimes 
de?elop  in  connective  tissue  from  fibrinous  exudation  without  the  pre- 
nooB  formation  of  a  bursa. 

In  other  cases  of  hygroma  the  walls  become  thickened  to  a  greater 
or  less  extent  (fibrous  degeneration),  particularly  if  the  disease  has 
oxisted  a  long  time,  or  a  villous  growth  takes  place  in  the  bursa  and 
tke  villi  may  break  loose  and  form  rice  bodies  (corpuscula  oryzoidea). 
Occasionally  there  will  be  so  many  free  bodies  in  the  hygroma  that  the 
iatter  feels  like  a  bag  filled  with  shot  (ganglion  crepitans,  hygroma  pro- 
ifernm).  As  already  mentioned  on  page  579,  these  rice  bodies  in 
oberenlar  and  non-tubercular  tendon  sheaths,  bursse,  and  joints  result 
1  the  main  from  degeneration  of  tissue.  Free  bodies  may  also  be 
>nned  by  growths  of  cartilage  which  break  loose  from  the  hygroma. 
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Tlie  shape  of  the  body  is  round,  elongated,  faceted,  or  like  a  pear, 
cucumber,  or  melon.  Their  number  varies  greatly,  often  readiing 
many  hundreds. 

The  hygroma  of  the  tendon  sheaths  mentioned  on  page  579  pre- 
sents practically  the  same  manifestations  as  that  of  the  bursse. 

A  hygroma  originates  almost  always  from  mechanical  causes,  eepe* 
cially  from  prolonged  mechanical  irritation,  from  contusions,  sprains, 
etc.  Volkmann  believes  that  the  rare  cases  of  multiple  hygromataare 
occasionally  due  to  rheumatic  causes.  Syphilis  and  particularly  tuber- 
culosis also  give  rise  to  the  formation  of  hygromata,  which  in  some 
cases  contain  rice  bodies. 

Part  of  the  proliferating  hygromata  must  be  looked  upon  as  tu- 
mours, some  of  them  being  benign,  endothelial  growths  (Morisani),  and 
others  malignant,  sarcomatous  tumours  (Mikulicz). 

The  best  treatment  of  hygromata  consists  in  puncture  followed  bj 
antiseptic  irrigation  with  a  l-to-1,000  solution  of  bichloride  of  mercnnr 
or  a  three-per-cent.  solution  of  carbolic  acid  ;  or,  better  still,  an  inciaon 
should  be  made  and  the  hygroma  extirpated  with  antiseptic  precau- 
tions as  completely  as  possible.  The  procedures  which  were  practised 
in  the  days  before  antisepsis  (application  of  the  tincture  of  iodine,  pres- 
sure, etc.)  are  not  sufficient  (see  Regional  Surgery). 

The  treatment  of  acute  inflammation  of  bursse  is  conducted  accord- 
ing to  general  rules.  Painting  the  part  with  iodine,  pressure,  and  mas- 
sage will  often  suffice  for  the  milder  serous  effusions.  If  there  is* 
violent  inflammation  or  suppuration,  aseptic  incision  is  the  only  proper 
procedure.  In  the  case  of  large,  purely  serous  effusions,  puncture,  with 
or  without  antiseptic  irrigation,  with  a  l-to-1,000  solution  of  bichloride 
or  a  three-per-cent.  solution  of  carbolic  is  usually  sufficient. 

HsBmatomata  of  the  Burss. — The  effusion  into  the  bursa  is  bloody, 
when,  as  a  result  of  some  injury,  there  has  occurred  an  extravasation  of 
blood  into  the  bursa,  or  when  traumatic  or  inflammatory  liaemorrhages 
have  taken  place  from  the  wall  of  the  hygroma.  The  treatment  of 
these  haematomata  of  bursse  is  essentially  the  same  as  that  for  poi^ 
hvffromata. 

Gkuiiglion. — The  so-called  ganglion  generally  takes  the  form  of « 
round,  elastic  tumour,  lying  beneath  the  skin  and  occurring  in  the 
neighbourhood  of  joints,  particularly  those  of  the  hand  and  foot 
Many  authorities  have  classed  it  with  the  hygromata  of  bursse  and  ten- 
don bheaths,  but  Volkmann  is  right  in  distinguishing  the  ganglion  from 
these,  lie  states  that  the  ganglia  have  a  genetic  connection  with  tbe 
joint  cavities,  less  often  with  the  tendon  sheaths,  and  are  to  l)e  regarded 
as  new  growths  in  a  limited  sense  of  the  word.     The  ganglion  origi- 
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nates  from  a  pouch-like  appendage  of  the  joint  or  diverticulum  of  the 
sjDorial  membrane.  The  diverticulum  becomes  filled  with  thickened 
Bjnovia,  and  may  be  completely  cut  off  from  the  joint  by  obliteration 
of  its  pedicle ;  it  practically  becomes  an  independent  cystic  tumour. 
Ganglia  are  to  be  regarded  essentially  as  synovial  hemise.  Less  fre- 
quently they  originate  from  a  kind  of  cystic  degeneration  of  the  cap- 
sule, or  in  other  wounds  from  an  abnormality  in  the  secretion  of  the 
Bvnovia.  There  are,  it  is  true,  intermediate  forms  between  ganglia 
and  hygromata. 

The  treatment  of  ganglia  consists  in  bursting  them  subcutane- 
onsly  by  pressure  with  the  finger,  or  by  the  blow  of  a  wooden  ham- 
mer, e.  g.,  upon  a  seal  which  is  enveloped  in  cloth  and  placed  upon 
the  ganglion,  or  in  puncturing  or  incising  the  tumour  subcutaneously 
with  a  tenotome  and  then  applying  a  dressing  which  exerts  pressure. 
Recurrences  are  very  common  after  these  methods  of  treatment. 
Jordan  recommends  the  injection  of  iodine  and  glycerine  (iodine  0.7, 
potassium  iodide  2.0,  glycerine  30.0)  followed  by  massage  and  a  com- 
pressive dressing  after  the  contents  of  the  ganglion  have  been  pre- 
riously  removed  by  aspiration.  Out  of  twenty-five  cases  treated  in 
this  way  twenty-four  showed  no  recurrence  after  one  and  three-quarter 
years.  The  surest  and  safest  procedure  is  free  aseptic  incision,  fol- 
lowed by  as  complete  an  extirpation  of  the  ganglion  as  possible.  This 
operative  treatment  is  entirely  devoid  of  danger  if  the  rules  of  antisep- 
ris  are  carefully  observed.  (See  also  Regional  Surgery  for  the  treat- 
ment of  ganglion  at  the  wrist.) 

§  100.  Gangrene  (Hecroris)  of  the  Soft  Parts. — When  treating  of  the 
subjects  of  inflammation  and  injuries,  we  showed  that  they  often 
caused  death  of  tissue,  mortification,  necrosis,  or  gangrene.  It  may  be 
well  to  give  at  this  point  a  concise  description  of  gangrene  of  the  soft 
parts  following  inflammation  and  injuries. 

Grangrene  is  to  be  regarded  as  a  disturbance  of  nutrition  arising 
from  local  vascular  changes,  diseases  of  the  nerves,  constitutional  con- 
Mons  (syphilis,  alcoholism,  diabetes,  etc.),  from  injuries  to  vessels,  or 
serves,  burns,  freezing,  in  the  course  of  general  (bacterial)  infectious 
liseases  (pysemia,  septicaemia,  typhoid  fever,  etc.),  or  from  severe  local 
uflammations,  such  as  cellulitis,  etc. 

Camet  of  Gangrene.— The  causes  of  tissue  death  are  as  follows :  1.  Inter- 
iption  of  the  afferent  flow  of  arterial  blood  without  the  development  of  a  col- 
teral  circulation,  such  as  may  occur  in  the  case  of  thrombosis  and  embolism, 
'  after  ligation,  or  in  consequence  of  the  pressure  of  a  tumour  or  inflamma- 
ry  exudate.  2.  Interruption  of  the  efferent  flow  of  venous  blood.  3.  Inter- 
ption  or  stasis  of  the  circulation  in  the  capillaries,  as  a  result  of  pressure, 
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coagulation  of  the  contents,  or  disease  of  the  capillary  walls.  4.  Death  of 
the  tissue  cells  without  any  disturbance  of  circulation,  due  to  poisons,  such 
as  a  snake  bite,  or  to  micro-organisms  and  the  products  of  their  metabolism, 
such  as  are  found  in  infectious  diseases  of  wounds — for  example,  erysipelas, 
cellulitis,  septicaemia,  etc.  The  various  causes  of  gangrene  are  frequently 
more  or  less  combined — for  example,  abnormally  high  or  low  tempera- 
tures cause  both  the  cells  and  the  vessels  to  lose  their  integrity  in  con- 
sequence of  the  coagulation  of  the  albumen.  The  different  tissues  possess  dif- 
ferent powers  of  resistance  against  the  above-mentioned  causes  of  gangrene. 
A  loop  of  intestine,  for  example,  will  die  if  exposed  for  a  couple  of  hours  to 
a  temperature  of  S*"  to  10**  C.  (45°  to  50°  F.),  while  muscles  or  tendons  will  be 
but  little  or  not  at  all  affected  from  a  similar  exposure  to  the  same  influencei 
The  brain,  kidneys,  and  intestine  undergo  necrosis  within  one  or  two  houre 
after  interruption  of  the  afferent  flow  of  blood,  while  the  skin  and  muscles 
can  do  without  circulation  for  ten  or  twelve  hours.  The  tissues  present 
these  same  differences  when  subjected  to  traumatisms.  The  brain  is  very 
susceptible  to  traumatic  influences,  and  likewise  to  loss  of  water,  while  the 
skin,  connective  tissue,  and  bone  are  much  less  so. 

Local  and  general  anaemia,  venous  stasis,  disturbances  of  circulation 
from  diseases  of  the  vessels,  heart,  or  lungs,  or  disturbance  of  circulation  dae 
to  inflammation — in  short,  faulty  circulation  from  any  cause — increases  the 
disposition  to  gangrene  from  the  effects  of  mechanical,  chemical,  or  thermal 
influences.  Under  these  conditions,  comparatively  slight  causes  may  suffice 
to  bring  about  death  of  tissue. 

Senile  Oangrene. — Gangraena  senilis  belongs  to  this  class  of  cases;  it  is  a 
mortiflcation  occurring  in  old  age  and  affecting  the  toes  especially.  There 
is  usually  an  accompanying  advanced  arterio-sclerosis  with  chronic  dis* 
turbances  of  the  circulation,  and,  following  some  mild  inflammation  or 
slight  traumatism,  complete  stasis  takes  place  from  coagulation  of  the  blood 
in  the  capillaries. 

Decubitus. — The  bedsore,  or  decubitus,  originates  from  some«light  injury, 
particularly  in  patients  who  are  paralysed;  also  in  the  course  of  seva* 
febrile  constitutional  diseases,  and  in  individuals  with  cardiac  and  pulmo- 
nary diseases  which  give  rise  to  stases.  Those  regions  are  particuIarlT 
endangered  where  the  skin  is  directly  superimposed  upon  bone,  as  in  the 
region  of  the  sacrum,  the  great  trochanter,  scapula,  olecranon,  and  heel.  Po^ 
tions  of  the  body  where  skin  presses  against  skin,  as  in  the  scrotum  or  labii, 
have  but  little  power  of  resistance  in  individuals  with  circulatory  disturb- 
ances. 

In  still  other  instances  a  weak  constitution — in  other  words,  a  condition 
in  which  the  cells  possess  slight  powers  of  resistance— favours  the  occurrence 
of  gangrene.  This  is  seen  in  old  people  with  advanced  arterio-sclerosis  and 
in  those  who  are  poorly  nourished. 

Noma. — This  is  the  reason  why  the  gangrene  which  spreads  so  rapidly  oo 
the  face,  the  so-called  cancrum  oris,  or  noma  (Fig.  388),  is  particularly  likely 
to  develop  in  individuals  who  are  very  much  reduced  and  in  children  after 
acute  infectious  disease's  (see  Regional  Surgery). 

Ergotine  (Gangrene. — Poorly  nourished  individuals  are  the  ones  raostcoffi' 
monly  affected  by  the  gangrene  occurring  in  chronic  ergotism,  which  was 
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itnon  in  the  middle  ages.  The  disease  resulU  from  the  ingestion 
ontaining  the  ergot  of  rye.  Ergotism  ia  characteriaed  by  disorders 
n.  by  general 


.njurious  in- 

f   all   kinds, 

raumatisins, 

jFceived,  and  hence  the  individuals  affected  by  the  disease  are 

>rotect  tliemselves. 

Ills  aocMHitpBDTiiig  an  Abnormal  Compontion  of  the  Blood.— Men- 

I  be  made  of  the  gangrene  occurring  wlieu  the  composition  of  the 
mes  altered,  as  in  aniemia.  hydrsemia,  and  diabetes  mellitus.  In 
lisease  gangrenous  inflammations,  particularly  of  the  cellular  tis- 
t  lo  arise  after  the  reception  of  slight  injuries.  As  a  result  of  the 
composition  of  the  blood,  the  walls  of  the  vessels  and  the  cells 
Lie  power  of  resistance  that,  when  subjected  to  any  slight  trauma- 
ection,  disturbances  of  circulation  with  stasis  and  gangrene  readily 
\  diabetic  cellulitis  often  runs  its  course  without  marked  swelling 
mia,  and  there  may  be  no  fever.  Diabetic  gangrene  in  the  vast 
f  instances  is  caused  by  arterio-sclerosis  of  the  vessels,  as  in  senile 
Heidenhain). 

II  Oangnne.— Disturbances  in  the  uerve  supply  may  also  favour 
■pmeut  of  gangrene.  This  is  the  explanation  of  tlie  gangrene 
'ing  leprosy  ($  S5),  and  also  that  affecting  paralysed  portions  of 
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the  body.    Either  the  trophic  nerves  lose  their  integrity,  or  the  necrosis  ^/ 
tissue  and  ulceration  take  place  because  the  patients  do  not  feel  the  irritations 
of  the  skin,  and  thus,  as  in  ergotism,  cannot  avoid  the  injurious  effects  of 
such  irritation. 

The  so-called  malum  perforans  pedis,  a  punched-out,  progressive  ulcera- 
tion of  the  sole  of  the  foot,  and  the  symmetrical  gangrenes,  are  likewise  due 
to  nervous  causes. 

Bymmetrioal  Gangrene. — According  to  Raynaud  and  Weiss,  symmetrical 
gang^ne  usually  appears  in  paroxysms,  affecting  the  fingers,  toes,  and  less 
often  other  portions  of  the  body.  This  rare  disease  begins  with  parsesthesia 
and  neuralgic  pains ;  then  cyanosis  or  ansemia  develops  in  the  parts  which 
are  involved  in  consequence  of  contraction  of  the  vessels.  The  gangrene 
generally  begins  in  the  pulp  of  the  terminal  phalanx,  and  either  remains 
superficial  or  the  entire  terminal  phalanx  perishes.  Bramann  saw  this  sym- 
metrical gangrene  develop  in  three  brothers  of  seven,  ten,  and  thirteen  years 
of  age ;  it  was  probably  the  result  of  syringomyelia.  As  etiological  factors, 
chlorosis,  anaemia,  hysteria,  acute  febrile  infectious  diseases  (typhoid,  inter 
mittent  fever,  etc.),  or  primary  neuritis,  come  into  consideration.  The 
direct  cause  of  this  form  of  gangrene  is  to  be  sought  probably  in  disturbances 
of  the  vasomotor  centres  in  the  central  nervous  system.  The  acute  gangrene,  • 
originating  from  disease  of  the  vessels,  is  certainly  to  be  distinguished  from 
the  purely  nervous  symmetrical  g^angrene  (Socin). 

,  Spontaneous  (Angioneniotio)  Ghmgxene  of  the  Sztremitiee  occaning  ii 
Tenth. — In  rare  instances  a  spontaneous  gangrene  of  the  extremities  is 
observed  which  is  not  due  to  ergotism,  diabetes,  or  syphilis,  and  which,  in 
contradistinction  to  senile  gangrene,  affects  strong,  young  individuals  who 
are  not  marasmic  (Billroth,  Braun,  etc.).  The  course  of  the  disease  is  very 
tedious  and  extremely  painful.  In  rare  cases  spontaneous  recovery  has  been 
observed,  but  it  is  generally  the  best  plan  to  amputate  the  limb,  for  example, 
by  Gritti's  method,  at  the  knee,  or  higher  up,  through  the  thigh.  Attempts 
at  amputation  nearer  the  periphery,  in  close  proximity  to  the  gangrene,  are 
usually  hopeless.  Zoege-Manteuffel  and  others  found  the  causation  of  this 
spontaneous  gangrene  to  be  a  high  grade  of  arterio-sclerosis,  with  narrowing 
and  thrombosis  not  only  of  the  main  arterial  trunks  in  the  leg,  but  also  of 
the  smaller  veins.  The  lesions  consist  of  a  narrowing  or  closure  of  the  ves- 
sels either  by  an  endarteritis  obliterans  due  to  proliferation  of  the  endothe- 
lium with  hypertrophy  of  the  muscular  coat,  or  by  organised  clots  in  the 
vessels  which  have  been  formed  in  consequence  of  the  arterio-sclerosis.  The 
principal  nerves  are  usually  much  thickened  and  swollen.  This  sclerosis  of  * 
the  vessels  is  probably  a  trophic  disturbance  of  the  latter  due  primarily  to 
lesions  of  the  nervous  system.  Angio-sclerotic  gangrene  is  particularly  »P^ 
to  occur  in  cold,  northern  regions,  such  as  Russia.  In  other  cases  the  chronic 
diseases  of  the  walls  of  the  blood-vessels  resulting  in  gangrene  are  caused  by 
syphilis,  old  age,  diabetes,  alcoholism,  lead-poisoning,  etc. 

Symptoms  of  Gangrene.— The  symptoms  of  gangrene  vary  in  general 
according  to  its  cause  and  location,  as  well  as  the  kind  of  tissue  which  is 
affected.    We  recognise  a  dry  gangrene — mummification,  as  it  is  called-aiid 
a  moist  gangrene.     In  dry  gangrene  there  is  drying  of  the  tissues  as  a  Tttoit 
of  a  loss  of  water ;  senile  gangrene  is  an  example  of  this  form.    In  such  cas» 
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the  superficial  layers  of  tissue  dry  and  form  a  gangrenous  eacliar.  The  moist 
gangrene  is  a  necrosis  with  softening  and  liquefaction,  and  consequently  is 
the  opposite  of  dry  gangrene.  Moist  gangrene  is  particularly  likely  to  bo 
accompanied  by  decomposition.  In  such  cases  the  tissues  are  softened  and 
discoloured,  and  present  bluish-red,  green,  or  black  spots ;  they  give  forth  a 
penetrating  odour,  which  is  due  to  the  formation  of  jiroduct^  consisting  of 
C()in{M)unds  of  ammonia  and  fatty  acids.  The  epidermis  is  elevated  by  blebs 
which  are  lilled  with  a  stinking  liquid.  Not  infrequently  bubbles  of  gas 
develop  at  the  same  time  which  contain  especially  ammonia,  volatile  fatty 
acids,  and  sulphide  of  hydrogen.  Finally  the  tissues  break  down  and  form 
discoloured,  shi-eddy  masses.  This  moist  gangrene  with  decomposition  is 
particularly  apt  to  take  place  when  the  air  with  its  germs  has  access  to  the 
parta  and  no  disinfecting  antiseptic  dressing  is  employed,  and  consequently 
occurs  most  commonly  in  the  superficial  portions  of  the  body  and  the  cavi- 
ties which  adjoin,  in  the  lungs,  etc.  It  is  only  possible  for  this  gangrene  to 
attack  other  organs  by  metastases,  which  are  caused  by  suppurating  thrombi 
or  gangrenous  pus  and  the  bacteria  they  contain. 

Tlie  coagulation  death  is  another  form  in  which  gangrene  presents 
itself.  It  occurs  especially  in  necrosis  of  the  muscles  or  other  tissues  made 
up  of  cells  containing  protoplasm  which  is  capable  of  coagulation.  Accord- 
ing to  Cohnheim  and  Weigert,  it  is  dej^ndent  either  upon  a  chemical  pre- 
cipitation of  an  albuminate  or  upon  coagulation  of  the  albumen  by  the 
action  of  a  ferment  which  is  set  free.  Coagulation  necrosis  occurs  par- 
ticularly in  diphtheria,  croup,  and  in  the  tissues  surrounding  colonies  of 
bacteria. 

Cohnheim  states  that  necrosis  very  seldom  results  from  the  action  of 
moulds,  for  the  reason  that  the  mould  fungi  and  the  bacteria  of  decompo- 
sition do  not  exist  under  the  same  conditions.  A  medium  which  supports 
the  bacteria  of  putrefaction  is  unsuitable  for  mould  fungi.  The  latter,  for 
the  most  part,  are  incapable  of  develo|)ment  in  the  living  body,  and  soon 
disappear  (see  pages  257-239). 

Other  symptoms  of  gangrene  are  a  loss  of  function  in  the  parts  affected, 
their  insensibility,  and  the  cool  or  cold  feeling  which  they  exhibit  on  pal- 
pation. 

The  microscopic  changes  in  the  dead  tissues  vary  with  the  form  of  the 
necrosis— that  is,  whether  they  become  dry  or  undergo  putrefaction.  In  the 
above-mentioned  coagulation  necrosis  of  Weigert  the  cell  nuclei  disappear 
first  The  nuclei  are  dissolved  by  the  lymph,  and  the  substance  of  which 
they  consLst  perhaps  unites  with  the  albuminous' constituents  of  the  lymph. 
This  phenomenon  is  similar  to  the  coagulation  of  Rhrin.  The  dead  cells  also 
exhibit  a  diminution  in  the  size  oF  the  nuclei,  vacuolar  degeneration,  swell- 
ing of  the  protoplasm  of  the  cell,  and  a  merging  of  the  borduni  of  the  cells 
into  the  surrounding  parte. 

As  regards  the  course  of  the  gangrene,  it  either  remains  limited  to  a  par- 
ticular region,  or  it  spreads.  The  gangrene  following  an  interruption  of  llie 
circulation  or  some  direct  traumatic  disturbance  of  the  tissue  elements  in  an 
otherwise  healthy  individual,  ordinarily  remains  circumscribed  unleas  the 
gangrenous  focus  becomes  infect*d  by  bflcteria.  On  the  other. band,  if  the 
health  of  the  individual  or  of  the  affected  portion  of  the  body  is  faulty,  the 
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gangrene  may  spread  (decubitus,  senile  gangrene,  diabetes  mellitus).    Th: 
gangrene,   in   particular,   which   follows  the   development  of    bacteria, 
very  prone  to  spread  (see  pages  339-344).    The  boundary  of  the  necrosed  ti  . 
sue  is  formed  by  the  so-called  line  of  demarcation — that  is,  by  a  demarca-^ 
ing  inflammation  and  suppuration — by  which  the  living  are  separatee!  fro* 
the  dead  parts.     A  loss  of  substance  takes  place — in  other  words,  an  ulcer  m 
the  skin,  the  surface  of  the  ulcer  being  the  seat  of  a  suppurative  inflamm 
tion.    This  ulcer  gradually  purifies  itself  and  cicatrises  by  the  formation  ^ 
granulation  tissue.     Not  infrequently  when  the  dead  tissue  is  cast  otf,  soix: 
cavity  of  the  body  is  opened,  and  death  follows.    Thus,  for  example,  perform 
tion  of  the  intestine  or  stomach  by  an  ulcer  may  give  rise  to  fatal  peritonitis^ 
and  caries  and  necrosis  of  the  petrous  portion  of  the  temporal  bone  may  cause 
suppurative  meningitis  or  a  cerebral  abscess.    Other  dangers  of  gangrene  are 
the  occurrence  of  haemorrhage  from  the  erosion  of  an  artery,  and  the  devel- 
opment of  some  secondary  infectious- wound  disease,  particularly  pyaemia 
and  septicaemia,  from  infection  by  micro-organisms  and  the  products  of  their 
metabolism. 

The  treatment  of  gangrene  is  conducted  according  to  the  rules  laid  down 
in  §§  70,  88,  and  90  to  93,  to  which  we  must  refer  the  reader.  In  gangrene  of 
the  extremities,  amputation  should  not  be  performed  too  near  the  gan^nous 
parts — a  matter  which  has  been  insisted  upon  before.  Should  a  gangrene  of 
the  foot,  for  example,  involve  the  dorsum  or  sole,  Gritti's  operation  should 
be  given  the  preference,  or  amputation  at  the  thigh,  because,  if  the  leg  is 
amputated  below  the  knee,  extensive  gangrene  of  the  flaps  almost  alwajs 
occurs.  Occasionally,  however,  amputation  two  to  three  fingers'  breadth 
above  the  gangrene  is  followed  by  good  results  (Konig,  Landow^). 


Injuries  of  bnnea:  Fractures;  irnntiisiiins  and  wounds  of  bone;  gninshot  injarips  of 
bone  (see  also  g  134). — The  iiittammUioiis  and  diseases  of  bone :  Aeuto  jiiflammit- 
tions  of  bone;  acute  periostitis;  acute  osteomyelitis:  acute  ostitis. — Slclaslatic 
inflsmmationB  o(  bone. — Embolic  foreign-bodr  inflammations  in  mother-ol- peart 
turners  snil  wurken:  in  woollen  and  jute  mills. — The  chronic  inflanmalious  of 
bone  Itulierculosis.  sjfpiiilis,  etc.):  Chronic  periostitis,  osteomyelitis,  and  ostitis. — 
Caries. — NecrosiB  of  Imiie, — Sponlsneous  separidion  of  an  epiphysis. — Rhac1nli!>. — 
Osteomalacia. — A  trophy  and  hyi)ertrophy  of  bone. — Increased  longitudinal  BTowlh. 
— Ginnt  growth. — Acromegaly. — Tumours  of  bone  (see  Tumours,  Chapler  T"). — 
Parasitic  tumours  of  bone  (echinococcue ;  eytlirtrctia  eellutoxa). 

§  101.  FroctnieB. — The  word  fracture  neeiie  no  further  definition  ; 
it  means  both  the  act  of  breaking  a  bone  and  tlie  state  of  being  broken. 
Fractures  are  very  comiiioii,  and.  aeconling  to  Brims,  thev  make  np 
more  than  a  seventh  part  of  all  injuries  whiob  come  under  observa- 
tion, nnri  are  about  ten  times  as  common  as  digloeations. 

Caaiea  of  Fr&otores. — Every  fractare  presupposes  the  action  of  some 
mechanical  violence  upon  the  bone  in  question  wliicli  ia  great  enough 
to  overcome  the  strengtli  and  the  power  of  renstance  which  the  bone 
possesses.  The  majority  of  fractures  are  produced  bv  external  vio- 
lence :  and,  according  to  the  way  in  which  tlie  external  violence  acta, 
we  distinguish  two  main  grou|>fi,  tlie  direct  and  the  indirect  fractures. 

Direct  and  Indireot  Fraoturea. — The  i/iiyt  fractures  are  those  in 
which  llie  iwnes  are  broken  at  the  point  where  the  violence,  such  as  a 
blow,  a  thrust,  a  gunshot,  the  wheel  of  a  wagon,  etc.,  is  applied.  If, 
on  the  other  Imnd,  the  break  is  situated  at  a  point  some  distance  from 
the  place  where  the  violence  has  been  applied — in  a  fall,  for  example — 
we  caU  such  a  fracture  an  indirect  one.  It  is  evident  that  iu  the  tlirect 
fractures  especially  the  soft  parts  will  receive  more  or  less  injury, 
which  varies  from  a  slight  contusion  to  a  complete  mangling  of  all  the 
soft  parts  surrounding  tlie  broken  bone.  The  indirect  fractures  are 
most  commonly  the  result  of  a  tending  of  the  lione  beyond  the  Umita 
of  Its  elasticity  by  bringing  the  two  ends  of  the  lione  nearer  together, 
as  in   a  fracture  of  the  thigh  from  a  fall  upon  the   feet.     In   other 
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instances  indirect  fractures  are  the  result  of  forced  compression  ac^< 
crushing,  as  in  fractures  of  the  vertebrae  from  a  fall  upon  the  battocks; 
or  of  violence  applied  through  a  fulcrum  with  crushing,  as  in  fracture 
of  the  olecranon  by  hyperextension  at  the  elbow  joint ;  or  of  traction, 
tearing,   or  rotation   (torsion).     The  lower  end  of  the  radius,  for 
example,  is  caused  to  break  by  the  traction  exerted  by  the  anterior 
ligament  of  the  wrist  in  forced  dorsal  flexion.     Great  interest  attaches 
to  the  production  of  indirect  fractures  of  the  skull  by  a  tearing  apart 
of  the  portions  which  are  put  on  the  stretch,  or  by  the  vertebrae  being 
driven  into  the  occipital  foramen  (Messerer).     In  indirect  fractures 
it  sometimes  happens  that  the  fragments  are  more  or  less  firmly  forced 
into  one  another  (so-called  impacted  fractures).     The  injuries  to  soft 
parts  occurring  in  indirect  fractures  are  produced  by  more  or  less 
pointed  fragments  which  perforate  the  skin  (transfixion  fractures),  or 
wound  muscles,  vessels,  or  nerves,  etc. 

Fractures  resulting  from  Muscular  Action. — Sometimes  fractures  are 
the  result  of  excessive  muscular  action.  These  usually  take  the  form 
of  a  tearing  off  of  some  small  bony  prominence,  like  the  coraeoid  pro- 
cess of  the  scapula,  or  the  greater  tuberosity  of  the  humerus.  The 
fractures,  which  often  complicate  dislocations,  are  frequently  produced 
in  a  similar  manner ;  for  example,  the  ilio-femoral  ligament  may  tesr 
off  a  piece  of  bone  from  the  femur  at  its  point  of  attachment  (cortictl 
fracture).  It  only  rarely  happens  that  large,  hollow  bones  are  broken 
by  muscular  traction.  In  this  category  come  the  fractures  of  the  femur 
sustained  in  playing  at  ninepins,  or  in  administering  a  kick  which 
misses  its  object ;  also  fractures  of  the  humerus  from  violent  raoTe- 
ments  of  the  arm,  transverse  fractures  of  the  patella  (see  Kegional 
Surgery),  and  fractures  of  the  clavicle  from  brandishing  a  whip,  or 
fractures  of  the  ribs  as  a  result  of  violent  attacks  of  coughing  in  old 
people,  etc. 

Intra-uterine  Fractures — Intra- uterine  fractures  in  the  foetus  are  pro- 
duced by  the  infliction  of  great  violence  to  the  abdomen  of  the  mother. 
Varying  with  the  length  of  time  which  elapses  between  the  reception  of  the 
injury  and  the  birth  of  the  child,  the  fracture  will  be  found  to  be  compara- 
tively recent,  in  process  of  repair,  or  already  healed.  The  bending  or  friC" 
tui*e  of  bones  due  to  foetal  rhachitis  or  syphilis  are  not  of  traumatic  origin* 
Other  intm-uterine  bony  deformities  are  also  met  with  which  at  first  agh^ 
look  like  badly  united  intra-uterine  fractures,  but  are,  in  reality,  defects  in 
development.  In  this  class  of  cases  belong  the  malformations  which  arethe 
result  of  defects  in  ossification,  such  as  absence  of  the  fibula,  etc. 

Fractures  during  Birth.— In  other  instances  infants  sustain  fractuws 
during  birth  from  unskilful  operative  midwifery  or  from  the  act  of  parturi- 
tion itself.     The  bones  of  the  extremities  may  be  broken  through  thediapliy- 
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as  or  in  the  region  of  the  epiphysis  while  an  arm  is  being  freed  or  version  or 
extraction  performed,  but  fractures  of  the  bones  of  the  head  are  mainly  due 
to  the  use  of  the  forceps.  In  very  rare  cases  fractures  of  malposed  extremi- 
ties result  from  contractions  of  the  uterus.  The  latter  are  more  likely  to  cause 
injuries  to  the  skull,  especially  in  cases  of  narrow  pelvis  or  anomalies  of  the 
ehild  s  head.  In  the  milder  cases  there  will  be  a  depression  with  or  without 
fisure,  while  in  severe  cases  actual  fractures  of  the  skull  occur. 

The  amount  of  resistance  of  which  a  bone  is  capable  bears  a  very 
important  relationship  to  the  production  of  fractures.  The  strength  of 
A  bone  varies  greatly  in  different  individuals,  as  does  also  the  strength 
of  different  bones  in  the  same  individual,  and  even  different  parts  of 
the  same  bone  exhibit  variations  in  resisting  power. 

Vatnral  Solidity  of  the  Bones. — The  natural  strength  and  mechanical 
capabilities  of  bones,  so  important  in  the  etiology  of  fractures,  have  re- 
cently been  investigated  by  P.  Bnins,  Keiff,  and  others,  and  the  attempt 
has  been  made  to  found  the  etiology  of  fractures  upon  a  physical  basis. 
The  elasticity  of  the  individual  bones — i.  e.,  their  ability  to  resume  their 
original  shape  after  it  has  been  changed  by  external  force,  and  the  limits 
within  which  this  is  possible — in  other  words,  the  limit  of  their  elas- 
ticity— have  been  computed.  The  strength  or  the  resistance  which  the 
bones  offer  to  violence  in  its  various  forms,  such  as  pressure,  traction, 
bending,  rotation,  or  to/^sion,  had  also  been  ascertained.  It  has  thus 
been  possible  to  determine  definite  values  for  the  elasticity  and  solidity 
of  the  texture  of  the  bone  substance,  and  for  the  bones  in  their  en- 
tirety, which  values  express  the  amount  of  this  or  that  kind  of  violence 
required  to  produce  fractures;  and  hence  it  is  perfectly  correct  to 
designate  fractures  according  to  the  nature  of  the  traumatism,  as  frac- 
tures from  traction  or  tearing,  from  compression,  bending,  or  torsion. 

■eunrements  ihowing  the  Strength  of  Bones.— As  regards  the  strength 
of  a  bone  due  to  its  structure,  the  values  naturally  vary  in  different  bones 
^d  in  different  individuals,  but  the  general  rule  holds  that  the  compact  bone 
aubstance  is  always  stronger  than  the  spongy. 

The  tensile  strength  of  the  compact  bone  substance  in  a  fresh  condition 
*Bd  during  middle  life  amounts,  according  to  Rauber  and  Messerer,  to  9.25 
to  12.21  kilogrammes  per  square  millimetre,  or  about  the  same  as  that  of 
bwas  and  cast  iron.  The  compression  strength  is  still  greater  (12.56  to  16.8 
kilogframmes  per  square  millimetre),  or  double  that  of  wood,  granite,  or  lead. 
The  torsion  strength  averages  8  kilogrammes  per  square  millimetre. 

The  strength  of  spongy  bone  substance  is  much  less,  the  compression 
strength  of  the  spongy  portion  of  the  femoral  condyles  amounting,  according 
to  Messerer,  to  only  0.96  kilogramme  per  square  millimetre,  that  of  the  bodies 
)f  the  vertebrae  to  0.84,  being  in  middle  life  0.62  to  0.92,  and  in  old  age  only 
^.22  kilogramme  per  square  millimetre. 

The  strength  of  the  bone  as  a  whole  is  a  matter  of  great  practical  impor- 
nce  as  regards  the  etiology  of  fractures.     The  tensile  strength  of  the  hu- 
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merus,  for  example,  according"  to  Messerer,  amounts  to  533,  and  of  the  femur 
to  694  kilogrammes  per  square  millimetre.  He  found  that  the  compressioa 
strength  of  the  individual  bones  decreased  in  the  following  order:  Tibia, 
femur,  humerus,  radius,  ulna,  clavicle,  fibula.  Compression  directed  through 
the  longitudinal  axis  caused  fracture  of  the  shaft,  the  tibia  being  the  strongest 
and  breaking  under  a  pressure  of  1,650  kilogrammes,  the  femur  on  the  ave^ 
age  in  man  requiring  a  pressure  of  756  kilogrammes,  the  radius  in  roan  3^ 
kilogrammes,  in  women  220  kilogrammes.  Frequently  the  break  does  not 
take  place  at  the  point  most  endangered — the  middle  of  the  bone — but  at  one 
or  other  articular  extremity  by  compression. 

A  great  numl>er  of  fractures  are,  as  is  well  known,  the  result  of  bend- 
ing (Bruns).  The  limit  of  bending  possessed  by  bones  varies  in  different 
years  of  life,  and,  according  to  Messerer,  it  amounts  to  between  1,040  and 
1,980,  and  reaches  its  maximum  at  middle  age.  In  men  400  kilogrammes, 
and  in  women  263  kilogrammes,  will  cause  a  fracture  of  the  femur  from 
bending. 

The  torsion  elasticity  amounts  to  about  a  third  of  the  bending  elasticity. 
A  fracture  of  the  femur  by  torsion,  according  to  Messerer,  is  produced  by  89 
kilogrammes,  of  the  clavicle  by  8  kilogrammes.  The  femur  possesses  the 
greatest  torsion  strength,  the  clavicle,  ulna,  and  fibula  the  least. 

Messerer's  experiments  on  the  skull  show  that  the  diameter,  which  is  not 
subjected  to  pressure,  becomes,  in  the  majority  of  instances,  gradually  though 
very  slightly  lengthened  in  proportion  as  the  pressure  increases.  The  de- 
crease of  the  diameter  in  the  direction  of  the  pressure  is  not  evenly  distributed 
over  the  whole  skull,  as  only  the  part  directly  subjected  to  pressure  bends 
inwards.  The  skull  withstands  a  greater  amount  of  force  in  a  sagittal  than 
in  a  transverse  direction.  The  pressure  required  to  produce  a  longitudi- 
nal fracture  averaged  650  kilogrammes;  for  a  transverse  fracture,  520  kilo- 
grammes. In  most  instances  the  base  of  the  skull  proved  to  be  the  weak- 
est spot,  that  portion  of  it  bursting  which  was  under  the  greatest  tension; 
transverse  pressure  caused  a  transverse  fracture,  and  longitudinal  pressure  a 
longitudinal  fracture.  The  average  pressure,  acting  through  the  vertebral 
column,  which  was  required  to  produce  a  fracture  of  the  base  amounted  to 
270  kilogrammes. 

In  young  persons  the  sternum  could  be  driven  completely  back  to  the 
vertebral  column  by  sagittal  pressure  upon  the  thorax  without  producing  a 
fracture.  A  pressure  of  250  kilogrammes  exerted  in  a  sagittal  direction  upon 
the  i)elvis  generally  caused  a  symmetrical  fracture  of  the  os  pubis;  a  trans- 
vei*se  pressure  of  180  kilogrammes  exerted  upon  the  crest  of  the  ilium  caused 
a  diastasis  of  the  Siicro-iliac  joint. 

According  to  Rauber,  the  strength  of  bones  is,  as  a  general  thing,  dimin- 
is] led  bv  heat. 

Changes  in  the  Strength  of  the  Bones. — The  normal  strength  of  bones 
is  affected  very  materially  ])y  various  circumstances,  such  as  their  shape, 
their  length  and  thickness,  the  direction  of  their  longitudinal  axes, 
whether  the  latter  approach  the  perpendicular  or  show  deviations 
from  it,  etc.  There  are  also  various  pathological  conditions  which 
lessen  the  resisting  powers  of  bones  and  produce  an  abnormal  fragility 
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(osteojisathyrosis),  causing  the  bones  to  lireak  spon  tin  icon  sit  or  upon 
the  application  of  a  very  slight  amount  of  violciii-e.  In  this  category 
belongs  the  atrophy  of  lx)ne  whicli  occurs  ia  advancoil  age,  or  in  the 
conrne  of  chronic  diseases,  or  after  paralysis,  etc.  The  strength  of  the 
bones  usually  increases  till  middle  life,  and  from  then  on  gradually 
decreases  (senile  atrophy).  The  bones  also  atrophy  when  tliey  are  not 
used,  as  in  the  course  of  chronic  diseaeos,  in  paralysis,  etc.  (atrophy  of 
disuse). 

Kenrotio  or  Trophonenrotio  Atrophy. — In  addition  to  the  atrophies 
of  senihty  and  disuse,  Weir  Mitchell,  Charcot,  and  P.  Bruns  have  di- 
rected attention  to  the  occurrence  of  neurotic  or  trophoneurotic  atro- 
phies of  bone  which  are  due  to  affections  of  the  central  nervous  system. 
In  this  class  of  cases  belongs  the  f  i-agility  of  hone  which  accompanies 
tabes  dorsalifl  and  chronic  cerebral  disease,  sudi  as  progressive  paralysis, 
and  in  fact  all  fonus  of  mental  disease  and  paralysis,  Rauber  found 
that  the  tibia  of  a  paralysed  extremity  weighed  198  grammes,  while  the 
bone  on  the  non-paralysed  side  weighed  2SI  grammes.  Nasse,  SehifE, 
and  others  have  seen  very  different  effects  upon  the  bone  follow  divi- 
sion of  the  sciatic  nerve  in  animals;  in  some  instances  there  was  a 
lengthening,  in  others  a  thickening  and  increased  weight,  and  at  other 
times  marked  flexibility  and  diminution  of  the  specific  weight.  Ghel- 
lini  found  that  in  rabbits  whieli  were  given  their  freedom  division  of 
the  sciatic  was  followed  by  shortening  of  the  paralysed  leg,  while 
lengthening  took  place  in  those  kept  in  a  cage — probably  on  account 
of  tlie  diminished  pressure. 

No  further  explanation  is  required  for  the  fragility  which  is  the 
result  of  disease  of  bone  with  subsequent  loss  of  substance,  such  as 
occurs,  for  example,  in  tubercular  and  syphilitic  diseases,  suppuration, 
or  necrosis ;  tumours,  such  as  cysts,  sarcoma,  or  carcinoma ;  from  the 
presence  of  eehinococcns ;  or  abnormal  softness  of  structure  (rhachitJs 
and  osteomalacia).  An  abnormal  weakness  and  fragility  of  tlie  hones  is 
also  present  in  scurvy,  a  disease  which  was  at  one  time  very  common. 

Idiopathic  0Bteopsatli7rosis.^Biit  iti  addition  to  these  various  kinds 
of  fragility  of  bone  due  to  this  or  that  cause,  there  is  also  an  idiopathic 
form,  the  etiology  of  which  is  as  yet  completely  unknown.  In  such 
patients,  who  in  all  other  resi>ects  seem  perfectly  well,  the  slightest 
exhibition  of  violence,  such  as  a  sudden  movement,  a  slight  thrust, 
or  even  turning  over  in  lied,  snffices  to  produce  a  fracture  of  bones 
which  estenmily  appear  entirely  nomiaL  The  malady  is  congenital 
in  a  number  of  cases,  and  sometimes  a  pronounced  hereditary  taint 
runs  throngli  many  generations.  In  other  crises  die  disease  develops 
in  early  youth  or  later,  and  then  usually  persists  throughout  life.    In 
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this  idiopathic  form  of  fragility  no  gross  changes  are  found 
bones.  The  most  probable  cause  of  this  disturbance  of  the  ni 
of  the  bones  is  a  change  in  the  composition  of  their  ground  sub 
The  observations  of  Blanchard,  in  particular,  show  the  freqo( 
fractures  in  individuals  with  idiopathic  f ragilitas  ossium.  He  b 
case  of  a  twelve-and-a-half -year-old  girl  who  had  had,  since  the 
month  of  her  existence,  forty-one  fractures  from  the  effects  c 
slight  violence ;  she  had  had  fourteen  fractures  of  the  right  and 
of  the  left  leg.  Amott  had  a  patient  fourteen  years  old  who  su 
third  year  of  life  had  had  thirty-one  fractures,  of  which  seven  \ 
the  right  thigh  and  nine  of  the  right  leg  below  the  knee.  It  is 
remarkable  that  the  repair  of  fractures  in  idiopathic  osteopsat 
usually  takes  place  easily  and  quickly. 

Strength  of  the  Epiphysea. — As  long  as  the  diaphysis  and  the 
ysis,  during  the  period  in  which  the  bones  are  growing,  are  coi 
by  a  cartilaginous  symphysis,  the  resistance  at  this  point  may  be 
ished  by  various  processes,  especially  those  of  an  inflammatory 
and  a  spontaneous  separation  of  the  epiphysis  may  thus  be  pn 
Under  this  heading  come  the  epiphyseal  separations  due  to  sy 
processes,  to  scurvy,  and  to  the  primary  infectious  inflammations 
medulla  (osteomyelitis). 

The  Various  Kinds  of  Fractures — Inoomplete  Fracturen^  Depi 
Fissures. — We  distinguish  complete  and  incomplete  fractures  ao 
to  the  extent  to  which  the  bone  is  divided.    To  the  incomplete  fr 

belong  the  green-stick  fractu 
the  fissures.  A  green-stick  f 
occurs  in  the  bending  of  a  b 
which  the  cortical  substance 

Fio.  389. — Incomplete  fracture  (green-stick  •  i      •     i       i  i  .1 

fracture)  of  the  clavicle.  couvex  Side  IS  broken  while 

concave  side  it  is  only  pre« 
(Fig.  389).  The  depressions  occurring  on  the  skull,  for  examp 
result  of  pressure  or  a  blow,  can  be  regarded  as  incomplete  fri 
(Fig.  398).  The  fissures  (Fig.  390)  are  comparable  to  a  crack  in 
or  a  plate,  and  occur  especially  in  the  brittle  bones  of  adults,  lea 
in  those  of  children,  and  are  frequently  combined  with  complete 
tures  which  are  received  at  the  same  time.  They  are  particularl; 
mou  on  the  skull.  In  gunshot  fractures  the  bones  involved  ofti 
tain  numerous  fissures.  It  is  of  great  practical  importance  to  no 
fissures  of  this  description,  especially  when  the  fracture  is  near  i 
sometimes  run  through  the  articular  extremity  of  the  bone  an< 
trate  into  the  neighl^ouring  joint.  If  after  a  gunshot  fractu 
example,  suppuration  should  take  place  at  the  point  where  tl 
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u  been  broken,  this  supparation  ma;  travel  along  the  fissure  into 

H  joint. 
Complete  Tractnm. — A  fractnre  iB  complete  when  the  bone  breaks 

to  two  or  more  pieces  which  are  completely  separated  from  one 

[Other;  division  of  the  bone  into  two  fragments  takes  place  most 
comntonly.  According  to  the  direction 
of  the  line  of  fracture  with  reference 
to  the  longitndinal  axis  of  the  bone  we 
recognise  transverse,  oblique,  Bpiral, 
and  longitudinal  fractures.  The  pure 
transverse  fractures  are  generally  pro- 
duced by  direct  violence,  and  are  not 
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Tj  common  if  we  disregard  the  separationn  of  the  epiphyses.  The 
ost  common  fractures  are  the  oblique,  which  are  almost  always  the 
jult  of  indirect  violence,  i.  e.,  forcible  bending.  The  fracture  having 
e  form  of  a  clarinet  mouthpiece,  and  first  described  by  French  writers 
racture  en  hecde^fi4te),  is  &  ■pronounced  oblique  fracture  which  occurs 
lecially  in  the  tibia  and  femur,  and  was  produced  by  W.  Koch  by 
tation  combined  with  a  vertically  directed  blow  {Fig.  391),  The 
iral  or  torsion  fracture  (Figs.  392,  393)  is  produced,  according  to  the 
periments  of  Koch  and  Bmns,  exclusively  by  twisting,  the  line  of 
ictare  having  the  shape  of  a  spiral  curve.  The  prognosis  of  a  spiral 
ctnre  is  more  unfavourable  than  an  oblique  one,  for  the  reason  that 
I  fractured  surfaces  are  very  extensive  and  the  points  of  one  of  the 
gments  may  readily  penetrate  the  skin  or  be  dri\en  into  the  other 
a^meut  and  cause  considerable  crushing  of  the  bone  marrow. 
I^oogitndioal  Practnret. — Longitudinal  fractures,  or  the  division  of 
>ne  into  two  fragments  with  the  hue  of  fracture  running  its  entire 
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length,  are  very  rare  in  the  long,  hollow  bonee,  and  moat  longitadiou 
fi-acturee  are  merely  extreme  forme  of  oblique  fractures.  Kninlein 
has  descrilted  a  longi- 
tudinal fracture  of  tlie 
humeniB  and  tliree 
loDgitudinal  fractnrea 
of  the  phalanges  of  tbe 
fingers,  and  he  conld 
find  in  literature  odIj 
one  longitudinal  frac- 
ture tlirough  the  whole 
length  of  tbe  tibii, 
which  was  recorded  bf 
G^iicke.  Longitadi- 
nal  fractures  have  been 
noted  somewhat  mon 
frequently  iu  the  sbort 
bones  (jwtella,  verte- 
brffi). 

A  Multiple  Fracttn 
— In  a  multiple  fi«- 
ture  (fracture  mntti- 
plex)  the  bone  is  eitiw 
broken  at  two  or  thiw 
different  poiuta(doDbl^ 
threefold  fracture),  « 
the  bone  is  ehatteredil 
one  point  into  many  fragments  (comminuted  fracture).  The  term 
multiple  fracture  also  includes  fractures  sostaiaed  simultaneoWr  t? 
several  bones,  particularly  those  which  are  placed  parallel  to  one  uiotba  ' 
in  the  forearm  and  leg.  The  shape  of  the  multiple  breaks  in  the  eune 
bone  varies,  of  course,  very  much,  but  a  few  typical  forms  we  fre- 
quently observed.  These  typical  forms  include  especially  the  T-sod 
Y-ahaped  fractures,  occurring  at  the  epiphyseal  extremities  of  the  long 
bones  (Figs.  39i,  3i)5).  In  tlie  T  fracture  (Fig.  394)  there  is  s  tiw* 
verse  and  a  longitudinal  break  ;  in  the  Y  fracture  two  oblique  breaki, 
the  production  of  which  has  been  studied  experimentally  by  Cmrll, 
iladelurig,  and  Marcuse,  In  fractures  from  bending  and  from  loraoa 
a  cuneiform  or  rhombic  piece  is  sometimes  broken  out  of  the  cob- 
tinuity  of  the  bone  (Enins).  The  outward  appearance  of  a  comminuted 
or  s]>Iintered  fracture  (Fig.  396)  presents  great  variations  in  ngMi  f 
the  number,  shape,  and  size  of  the  individual  fragDieutfi.    In  the 
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wret  cases  there  will  be  found  at  the  point  of  fracture  a  pecaliar  soft 
t«^  of  skin  like  a  sac  filled  with  crepitating  fragments  of  bone,  or 
the  liones  and  soft  parts  are  crushed  into  a  bloody  pulp,  as  is  the  ease, 
for  example,  in  "run-over"  accidents, 

CoiLdiUoiL  of  the  Soft  Parts  in  the  Heighbonrhood  of  a  Traotnre, — 
rbe^jondition  of  tlie  soft  parts  in  the  neighbourhood  of  a  fracture  is 
uceedinglj  important  for  the  prognosis.  All  fractures  in  which  there 
ia  a  wound  of  the  soft  parts  penetrating  to  the  line  of  fracture  are 
ailed  conijKtund  or  open  fractures,  and  must  be  carefully  distinguished 
from  the  subcutaneous  or  simple  fractures — i.  e.,  those  in  which  the 
)iiter  covering  of  the  soft  parts  has  not  been  opened.  In  the  days  before 
intisepsis  the  compound  or  open  fractures  very  often  terminated  fatally 
from  pyaemia  and  septiciemia.  The  extent  of  the  wound  of  the  soft 
parts  varies  from  an  ineignificant  puncture  to  an  extensive  crushing 
ud  laceration  of  the  tissues.  The  wound  is  produced  either  by  the 
ame  violence  that  prodm^es  the  fracture,  as  in  gunshot  or  run-over 
injuries,  or  the  skin  is  opened  afterwards  by  injudicious  movement  of 
tie  fractured  extremity — in  transportation  of  the  jmtient,  for  example 
-or  as  a  result  of  gangrene,  etc.  The  open,  comminuted  fractures, 
tbe  com{>ound  fractures  of  joints,  particularly  those  found  in  gunshot 
■uunds,  and  extensive  mangling  of  the  bones  and  soft  parts  iu  run-over 
ucidents,  are  the  most  unfavourable  compound  fractures. 

Saparatioiii  of  the  Epiphyiea. — In  young  subjects,  as  long  as  the 
liaphysis  and  epiphysis  are  connected  by  a  cartilaginous  symphysis, 


inmatic  separations  of  the  epiphyses  may  occur,  which,  according  to 
-una,  are  most  common  in  the  case  of  the  lower  epiphysis  of  the 
nnr,  then  in  the  lower  epiphysis  of  tlie  radius  and  in  the  upper 
physis  of  the  humerus.     The  ejmntaneoim  separations  of  the  epiph- 
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jeea  in  consequence  of  indamiiiatory  or  suppurative  processes  must  be 
carefully  diBtinguished  from  ihe  traumatic  eeparations.  The  traumatic 
eeparationa  are  mainly  the  rosult  of  exaggerated  raovementa  in  jointfi. 
As  a  result  of  tbeee  exaggerated  movements  in  adults,  dislocatiom  of 
tlio  joints  take  place,  but  in  children  fractures  through  the  fragile 
epiphyseal  cartilage  or  in  its  neighhourhood.  This  is  the  reason  Vhy 
traumatic  dislocations  are  so  very  rare  in  young  children.  In  infants, 
separations  of  the  ei^iphyecs,  particularly  inifr  jmrlum,  are  brought 
about  by  violent  or  uuBkilfully  performetl  obstetrical  operations  (versiou. 
extraction).  The  age  limit  within  which  epiphyseal  separations  may 
occur  varies  with  the  different  epiphyses.  The  observations  hitlierto 
recorded,  for  example,  show  that  the  twenty-iifth  year  of  life  is  the 
latest  period  at  wliicb  a  traumatic  separation  occurs  in  the  upper 
epiphysis  of  the  liuuienis. 

Symptomatology  and  Clinical  Course  of  Fraoturea. — The  symptoms  of 
fractures  are  partly  objective  and  partly  subjective.  The  most  im- 
portant objective  symptoms  are:   1.  Abnormal  mobility  of  the  bone. 

2.  Crepitus — i.  e.,  the  rub- 
bing sound  which  \&  heard, 
or,  more  correctly,  felt, 
when  the  fractured  sur- 
faces are  rubbed  together. 

3.  Deformity  of  the  broken 
bone,  or  rather  of  the  part 
of  the  body  to  which  it 
belongs,  in  consequence  of 
the  displacement  of  the 
fragments.  Abnormal  mo- 
bility and  crepitus  are  best 
demonstrated  by  seizing 
both     fragments     in     the 

neighbourhood  of  the  line  of  fracture  and  moving  them  in  opposite 
directions.  Rotary  movements  may  also  be  tried  in  cases  of  fractures 
of  the  articular  ends  of  bones.  Abnormal  mobility  and  crepitus  are 
absent  in  impacted  fractures,  in  fractures  with  sharp,  toothed  frag- 
ments which  interlock,  and  in  incomplete  fractures.  Crepitus  will  also 
he  absent  when  the  fractured  surfaces  are  not  in  immediate  contact 
with  one  another.  The  soft  friction  sound  which  is  sometimes  emitted 
by  dried  extravasations  of  blood  or  by  inflaramatflry  processes — of  the 
tendon  sheaths,  ftir  example — mnst  be  carefully  distinguished  from  the 
harder  bony  crepitus.  Deformity  is  caused  by  the  displacement  of  the 
fragments.     We  recognise  the  following  four  principal  kinds  of  dis- 
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^  which  sometimes  occur  separatel;  and  sometiineB  combined 
(  ways:   1,  Angular  displacement  (dislocatio  ad  axin,  Fig. 

2,  lateral  displacement  (diBlocatio  ad  latuB,  Fig.  397,  b); 
jment  of 
lente  in 
linal  di- 
lislocatio 
:ndincm, 
c) ;  and, 
]  of  the 

on  their 


^ 


I,  Fncture  of  the  skull  with  deprenian,  seen  from  tha 
B  (caused  by  a  fall  upon  n  pointed  stoac) ;  i,  the  ume 
rv  Meu  tram  within  (Berg-inaDuj. 


ad  pe- 

).         The      Fio.  BB8.— 

overrid- 
le  frag- 

le  pushing  of  one  oTer  the  other  (Fig.  397,  d) — ie  a  combina- 
e  dislocatio  ad  latns  aud  ad  axin,  sometimes  with  the  addition 
«at)o  ad  longitudinem.  The  so-called  diastasis  of  the  frag- 
g.  397,  e)  and  the  reverse  or  impaction  of  the  fragments  are 
;arded  as  a  dislocatio  ad  longitudinem.  There  is  a  varietj  of 
ent,  occurring  mainly  in  fractures  of  the  skull,  which  is  called 
i  of  the  fragmenU  (Fig.  398,  «,  b). 

ifierent  displacetnenta  are  sometimes  primary  and  produced 
icturing  force,  and  at  other  times  secondary,  occurring  sooner 
Cter  the  injury  as  a  result  of  voluntary  or  involuntary  muscu- 
ctions,  of  transportation,  examination,  the  position  the  injured 
3  caused  to  assume,  of  defective  dreseinge,  etc. 
tire  Synptoma  of  Fnetnie— Fain  and  BiBtnrbanoe  of  Funotion. 
ijective  eyraptoms  of  fracture  are  pain  and  disturbed  function, 
and  tenderness  on  pressure  are  most  marked  directly  at  the 
raeture.  Above  and  below  the  line  of  fracture  the  bone  is 
tender  on  pressure.  This  linear  character  of  the  pain,  so  to 
>f  great  diagnostic  importance  in  doubtful  cases, 
isturbance  of  function  which  occurs  in  fractures  needs  no  fur- 
anation.  In  consequence  of  the  division  of  the  bone,  an 
,  for  example,  loses  its  iyony  support,  and  the  muscles  their 
Its  of  attachment.  The  amount  of  functional  disturbance 
principally  upon  the  amount  of  the  abnormal  mobility,  dis- 
t,  and  deformity,  and  also  upon  the  nature  and  location  of  the 
If,  for  instance,  only  one  bone  is  broken  in  a  limb  which 
:wo,  the  functional  disturbance  may  be  very  slight,  varying 
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with  the  importance  of  the  broken  bone.  Thus  in  fractures  of  tin 
fibnia  the  patient  will  still  be  able  to  walk,  and  in  fractures  of  the 
ulna  use  of  the  forearm  is  possible,  especially  pronation  and  supinatioo. 
The  disturbance  of  function  is  also  slight  in  the  case  of  impacted  frac- 
tures, and  patients  with  an  impacted  fracture  of  the  neck  of  the  femnr 
can  stand  and  walk.  Moreover,  in  impacted  fractures  of  the  articular 
extremities  of  other  bones  the  movements  of  the  joint  involved  are 
often  very  little  or  not  at  all  disturbed. 

Fever  in  Simple  Fracturea — Apart  from  these  local  symptoms  at 
the  point  of  fracture,  we  sometimes  observe  fever  following  the  recep- 
tion of  subcutaneous  fractures.  The  thermometrical  measurements 
made  by  Volkmann,  P.  Bruns,  Grundler,  and  myself,  show  that,  as  a 
rule,  more  or  less  fever  exists,  particularly  during  the  first  few  davs 
after  the  injury.  The  height  of  the  fever  varies  between  lOLS**  and 
102.2°  F.,  though  in  rare  instances  the  temperature  may  rise  to  104°  F. 
In  twenty-five  out  of  twenty-six  cases  of  subcutaneous  fracture 
Grundler  observed  a  rise  of  temperature  to  99.  V  F.  The  cause  of  this 
febrile  movement  is  ascribed  by  Bergmann,  Wahl,  and  Angerer  to  the 
absorption  of  dead  tissue  elements,  and  especially  of  fibrin  fermeQt 
and  other  ferments  which  are  formed  in  the  extravasated  blood  near 
the  point  of  fracture,  as  described  in  §  62.  The  fever  is  essentially  a 
ferment  intoxication. 

Bnpporation  in  Simple  Fractures. — As  a  rule,  subcutaneous  fractures 
heal  without  suppuration,  and  the  latter  only  occurs  when  micro- 
organisms gain  access  to  the  point  of  fracture  through  some  small  cuta- 
neous wound  or  through  the  blood ;  the  extravasated  blood  and  the 
injured  (necrotic)  tissues  furnish  a  favourable  nutritive  medium  for 
their  development. 

Course  of  Compound  Fractorea — The  course  of  compound  fractures 
varies  greatly,  according  to  the  size  of  the  wound  in  the  soft  parts,  the 
condition  of  the  fragments,  and  the  treatment.  The  favourable  caseB 
are  those  with  a  small  cutaneous  wound,  which,  before  infection  occurs, 
heals  by  immediate  adhesion  of  the  opposed  wound  surfaces,  or  beneath 
a  scab  per  primam  intentionem.  Under  these  conditions  they  run  a 
course  like  that  of  a  subcutaneous  fracture. 

The  worst  cases  of  compound  fractures  are  those  in  which  the  soft 
parts  are  so  extensively  destroyed  that  the  preservation  of  the  limb  is 
entirely  out  of  the  question.  To  these  may  be  added  the  cases  iu 
which  there  is  extensive  splintering  of  the  bones  or  a  perforation  into 
a  joint  or  one  of  the  cavities  of  the  body.  But  as  a  general  thiug  it  is 
more  the  extent  of  the  injury  to  the  soft  parts  than  the  severity  of  tbe 
injury  sustained  by  the  bones  which  determines  the  gravity  of  the 
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caee.  Any  simple  division  of  the  lione  which  is  accompanied  hj-  great 
destruction  of  soft  parts  is  to  he  i-egarded,  in  point  of  prognosis,  aa  a 
more  severe  injury  than  a  splintering  of  hone  which  in  in  itself  con- 
eiderahle  but  is  not  accompanied  hy  any  great  amount  of  injury  to  the 
soft  parts. 

The  clinical  course  of  a  compound  fracture  is,  moreover,  affected  in 
a  very  marked  degree  by  the  way  in  which  it  is  treated.  The  sooner  a 
compound  fracture  is  placed  under  the  protection  of  antiseptic  treat- 
ment— i,  e.,  tlie  sooner  the  wounded  soft  parts  and  the  seat  of  the  frac- 
ture are  thoi-oughly  disinfected,  the  drainage  of  the  wound  attended  to, 
and  an  antiseptic  dressing  applied — the  sooner  is  a  satisfactory  course 
of  repair  guaranteed.  . 

If  we  leave  out  of  consideration  those  compound  fractures  which 
heal  aseptically  and  without  any  reaction,  the  local  symptoms,  in  the 
majority  of  cases,  consist  in  a  more  or  less  severe  inflammatory  swell- 
ing in  the  parts  surrounding  the  wound  and  point  of  fracture.  The 
discharge  from  the  wound  is  nt  first  thin  and  discoloured  hy  hlood.  In 
the  aseptic  cases  it  is  limited  in  amount  and  does  not  become  suppura- 
tive. In  the  ca^s  which  do  not  run  an  aseptic  course  the  discharge  i& 
plainly  purulent  or  even  sanious — in  other  wortla,  it  undergoes  decompo- 
sition in  consequence  of  infection  by  micro-organisms.  The  production 
of  suppuration  and  putrefaction  is  favoured  by  extensive  destruction  of 
the  soft  parts  at  the  time  of  the  injury.  This  putrefactive  suppuration 
can,  if  the  escape  of  the  discharge  is  prevented,  readily  take  on  a 
spreading  character  in  the  shape  of  a  progressive  gangrenous  cellulitis, 
which  may  endanger  the  preservation  of  the  limb  and  of  life.  If  the 
suppuration  or  putrefaction  runs  a  favourable  couri^e,  the  surface  of 
the  wound  gradually  "  purifies"  itself — i.  e.,  the  superficial  gaugrenoiis 
portion  of  the  wound  is  slowly  cast  off  by  a  demarcating  suppuration, 
red  granulationa  make  their  ap|)earance,  and  the  wound  tills  with  ger- 
minal tissue  which  then  ossifies.  The  suppuration  around  the  ends  of 
the  fragments  which  have  becoTiie  necrotic,  or  around  splinters,  ia 
sometimes  very  tedious,  and  there  is  always  the  possibility  of  the  paa 
burrowing  or  giving  rise  to  infections  suppuration  in  the  periosteum 
or  the  bone  marrow,  or  causing  lymphangitis,  phlebitis,  etc.,  and  thus 
death  from  scpticiemia  or  pyipmia.  By  long  confinemcTit  to  bed,  or 
from  protracted  fever  or  profuse  suppuration,  the  patient  may  become 
so  exhauetetl  and  such  serious  degenerations  of  the  internal  organs  may 
occur,  that  life  is  imperilled. 

Throughout  the  entire  period  occiipied  by  the  process  of  repair,  the 
temperature  of  the  patient  should  be  taken  two  or  three  times  a  day,  and 
at  every  new  rise  of  temperature  the  wound  should  be  carefully  oxam- 
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ined  to  determine  the  presence  of  any  disturbance,  such  as  a  burrowii^ 
of  pus,  a  deeply  located  spreading  inflammation  and  suppuration,  etc^ 
Not  infrequently,  after  a  compound  comminuted  fracture  has  heal^^ 
flstulse  will  persist  for  a  long  time ;  they  indicate  the  presence  of  son^a 
encapsulated,  necrotic  piece  of  bone — a  so-called  sequestrum. 

Condition  of  the  TTriiLe  in  Fracturet.— As  a  result  of  the  absorption  of 
blood  from  the  point  of  fracture,  the  urine  very  frequently  contains  urobilin, 
a  derivative  of  the  colouring  matter  of  blood,  which,  on  shaking  the  urine 
with  a  solution  of  chloride  of  zinc  and  ammonia,  causes  the  urine  to  assume 
a  yellowish-green  fluorescence.  Fat  is  also  very  often  found  in  the  urine;  it 
is  derived  as  fluid  fat  from  the  crushed  medullary  portion  of  the  bone  and 
the  fat  in  the  neighbouring  soft  parts,  and,  passing  through  the  circulation. 
is  excreted  by  the  kidneys.  We  shall  learn  further  on  that  it  can  sometimes 
accumulate  to  a  dangerous  degree  in  the  lungs  and  brain.  The  amount  of 
fat  in  the  urine  varies  greatly,  depending  upon  the  severity  of  the  injury  to 
the  marrow  and  soft  parts ;  in  some  cases  it  is  found  only  in  traces,  while  in 
others  there  may  be  large  quantities  of  it  Occasionally  it  is  so  abundant 
that  it  is  visible  in  the  form  of  smaller  or  larger  drops  on  the  surface  of 
the  urine.  Most  commonly  the  fat  is  mixed  with  the  urine  in  the  form  of  an 
emulsion,  and  Scriba  maintains  that  this  occurs  in  almost  every  case  of  fra^ 
ture.  After  the  urine  has  been  allowed  to  stand  for  some  time  a  white  layer 
develops  on  its  surface,  which  the  microscope  shows  is  made  up  of  small  and 
minute  fat  drops.  According  to  Scriba,  the  excretion  of  fat  by  the  kidneys 
takes  place  periodically,  corresponding  to  the  sweeping  away  of  the  fat  em- 
boli in  the  lungs.  This  is  the  reason  why  the  urine  during  the  repair  of  a  , 
fracture  changes  so  much,  containing  fat  for  several  days  and  then  being  free 
from  it  for  five  to  six  to  ten  days.  The  excretion  of  fat  begins  on  the  second 
to  the  fourth  day  after  the  injury,  and  usually  ceases  on  the  twentieth  to  the 
twenty-fourth  day. 

In  addition  to  fat,  the  urine  of  patients  with  fractures  sometimes  contains 
albumen  and  casts.  The  amount  of  albumen  and  casts  is  greatest  in  the  first 
twenty-four  to  forty-eight  hours,  and  the  condition  lasts  about  four  to  sii 
days.  Besides  hyaline  casts  Riedel  found  other  casts  studded  with  numerous 
brown  granules  like  those  which  occur  in  bilious  pneumonia  and  other  dis- 
eases accompanied  by  degenerative  changes  in  the  blood.  These  brown  casts 
are  irregular  in  their  occurrence  in  fractures  and  are  frequently  entirely  ab- 
sent, while  in  other  instances  they  appear  in  great  numbers.  Riedel  ascribes 
the  origin  of  these  brown  casts  to  the  absorption  of  red  blood-corpuscles  at 
the  point  of  fracture.  They  are  obtained  experimentally  by  producing  frac-  1 
tures  artificially,  by  injecting  blood  into  the  peritoneal  cavity,  and  by  inject*  '* 
ing  Kohler  s  fibrin  ferment.  Both  Orth  and  myself  have  occasionally  found 
very  large  collections  of  red  corpuscles  and  of  the  colouring  matter  of  blood 
in  the  lymph  glands  and  in  the  internal  organs.  The  haematogenous  jaun- 
dice which  sometimes  occurs  is  similarly  explained  by  the  presence  of  disin- 
tegrated red  corpuscles  and  blood-colouring  matter  in  the  circulation. 

Eepair  of  Fractures. — Fractures  either  heal  per  primarn  or  per  f^- 
mindani  inUntutneui^  in  the  same  way  as  described  in  §  61  for  wounds 
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of  soft  parte.     Simple  fractures,  as  a  rule,  lieal  fer  jn-imam  inten- 
tiitnem,  while  compound  fractures  heal  jwr  secutulam  int^ntlwiem.     As 
we  remarked  above,  Buppuration  takes  place  in  exceptioDal  cases  of   , 
subcutaneous  fractures  from  tlie  entrance  of  micro -organisms  tlirough 
an  abrasion  of  tlie  skin  or  by  meims  of  tbe  circulation. 

Whether  a  fracture  heals  with  or  without  suppuration,  the  anatom- 
ical changes  are  essentiaUy  the  same,  and  consist,  brieflj  speaking,  in 
the  formation  at  the  point  of  fracture  of  cellular  tissue,  which  is  at  first  j 
soft,  and  later  is  gradually  changed  into  bone  by  the  ossifying  action  of 
the  poriosteum  and  marrow.  The  ossifying  tissue  at  the  point  of  frac- 
ture is  called  the  c<Mits. 

Anatomical  Changes  in  the  Formatlos  of  the  Callus.^ 
changes  which  take  )>)ace  in  the  formation  of  tbe  callus  ai 
an  ossifying  periostitis  and  osteomyelitis. 
The  extravasated  blood  at  the  point  of 
fracture  plays  no  active  part  in  the  forma- 
tion of  the  callus,  and  b  gradually  sup- 
planted hy  a  germinal  tissue  rich  in  cells 
and  vessels.  The  outer  or  periosteal  callus 
originates  from  the  iuuer  layer  of  )>erios- 
teum.  which  contains  osteoblasts  whih 
the  marrow  forma  the  inner  or  meduUai  * 
callus  (Fig.  399).  The  callus  between  the 
broken  ends  of  the  bone  is  called  the  inter 
mediary  callus,  and  is  mainly  produced  bj 
growth  of  the  periosteal  gernnual  tissue 
between  tlie  fractured  surfaces  the  tissue 
of  the  opened  Haversian  canals  and  the 
marrow  only  shares  to  a  slight  extent  lu 
the  Forniation  of  the  intermediary  callus 
Tlie  view  which  formerly  prevailed — name- 
ly, that  the  surrounding  soft  paria  were 
capable  of  contrtbuling  to  the  foramtiun 
of  the  outer  callus— is  untenable  in  the 
light  of  our  present  knowledge  of  the  nor 
mal  development  of  bone. 

The  Ifonnal  Fonnatioa  of  Bone— The 
Development  of  Bone.— It  is  now  generally 
belicv<-il  \\\\d  ilir  iiurmal  development  of 
bone  is  iiiiiuily  llic  result  of  succet 
positious  of  bone  substance  due  to  the  ac- 
tivity of  the  medullary  tissue,  the  cells  of 
which  change  into  specific  hone-forming 
cells  — the  so-called  osteoblasts  (Gegen- 
baur.  Fig.  400), 

The  medullary  tissue  may  spring  either  from  tbe  periosteum  or  from 
cartilage.    The  periosteum  or  perichondrium  (in  the  cartilaginous  bones  of 
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embryo)  is  niaile  up  of  two  layers,  an  outer  fibpous  layer  and  an  inner 
■of  osteoblastic  cells.    In  lliis  latl«r  layer  medullary  spaces  develop,  anil 
tliem  the  osUtoblasts  from  an  active  formation  of  cells  and  growth  of  ve*- 
sels.    In  addition  to  the  periosteal  or  perichondria]  bone  formation  we  wcog- 
nise  an  endochondriat  bone  for- 
_^        mation   in  the  cartilage  of  eni- 
'=»_"'-     bryonic  bone ;    this  takes  place 
.^ ',     ,     espoi^ially  in  the  growth  of  the 
ig  bones  at  the  epiphyseal  jimc- 
[i.     Me<liil]ary  cavities  develop 
re  si\My.  and  a  portion  of  the 
lullary  cells  change  into  osteo- 
blasts.   Opiuiondiffersasregards 
JJ      the  importance  of   the  cartilage 
~~     cells  in  the  eiidochondrial  formu- 
''"  ijiii-i-  V-  V  'i;^\iiv' ^."uLLViJra.-",' 'iiid'bone'     ''""  of  bone,  Vircliow  and  others 
X  soo!    '   '         ■  '   '  believing  that  the  cartilage  cells 

change  into  medullary  cells  and 
osteoblasts,  while  Qegenbaur  and  StrelzofF  maintain  that  the  cartilage  cells, 
as  such,  perish,  aud  take  no  part  in  the  formation  of  boue.  The  latter 
authorities  hold  Ihe  view  that  the  oetfloblasls  are  always  derived  from  the 
marrow  or  the  osteoblastic  layer  of  the  periosteum.  The  formation  of  bone 
from  the  medulla  takes  place  in  the  same  way  as  from  the  periosteum  and 
cartilage.  Aseptic  foreign  bodies,  particularly  absorbable  pieces  of  bone  that 
contain  calcium,  favour  boue  regeneration  and  hone  formation  (Barth,  Neu- 
ber,  and  others),  Maas's  view  that  the  colourless  blood -corpuscles  are  ca- 
pable of  forming  the  callus  seems  to  me  untenable. 

The  transformation  of  the  osteoblasts  into  bone  tissue  is  brought  about 
by  a  change  of  the  greater  part  of  the  protoplasmic  material  into  a  tissue 
which  appears  homogeneous,  but  is  really  made  up  of  fine  fibrils,  which, 
after  taking  up  boue  salts,  forms  a  lamellated  ground  substance.  Here  and 
there  cells  persist  as  bone  cells,  wliich  are  enclosed  by  the  newly  formed 
bone  in  serrated  cavities,  having  flue  processes  nwliating  from  them.  These 
are  the  so-called  bone-corpuscles.  Meyer  aud  the  mathematician  Cullmann 
were  the  first  to  show  that  the  bony  structure  aud  traheculee  are  arranged 
according  to  mechanicitl  laws. 

Intentitial  Growth  of  Bone.— In  addition  to  this  appositional  growth  of 
bone  from  the  jwriosteum  and  medulla,  Oilier,  Virchow,  and  others  have 
called  attention  to  the  occurrence  of  an  interstitial  growth^,  e.,  an  ex- 
pansion of  tlie  bone  substance  already  formed.  This  was  demonstrated  by 
driving'  pegs  aud  boring  holes  inti>  growing  bone. 

Artiflciallf  Increased  Orowth  of  Bone,— Under  such  pathological  con- 
ditions as  necrosis,  chronic  inflammatory  processes,  compound  fractures, 
chronic  joint  inflammations,  ete.,  as  a  result  of  irritation  of  the  epiphyses, 
an  increased  growth  of  bone  is  observed,  especially  in  the  long  axis.  The 
longitudinal  growth  can  be  artiScially  increased  and  shortening  compen- 
sated for  by  driving  ivory  pegs  into  the  bone,  or  tying  off  the  extremity 
with  an  elastic  tourniquet,  or  by  other  forms  of  irritation  acting  upon  the 
diaphysis  in  the  ueigbbourhood  of  the  epiphysis,  from  which  the  effects  aze 
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trausmitted  to  the  epiphyseal  cartilage  (Oilier.  Laiigenbeck,  elc.).  In  the 
case  of  a  coinpound  fracture  which  healed  slowly  with  suppuration.  I  saw 
a  shortening  of  eight  centimetres  in  the  beginning  changed  to  three  centi- 
metres in  the  course  of  about  one  to  one  and  a  half  year  as  a  result  of  an 
abnormal  stimulation  of  the  growth.  Sometimes,  even  in  eubeutaneous 
fractures,  the  shortening  which  may  exist  at  first  disappears  after  a  year  or 
two  by  augmented  longitudinal  growth. 

Abwrptaon  of  Bone  SabitBiioe.— Simultaneously  with  tlie  new  forma- 
tion of  bone  there  is  constantly  taking  place,  on  both  the  outer  and  inner 
surface  of  the  bone,  an  absorption  of  the  bone  substance  whicli  is  brought 
aboutby  special  cells  called  osteoclasts  (Kolliker).  These  osteoclasia  (Fig.  401} 
usually  have  the  appeju-ance  of  polynuclealed  giant  cells,  and.  according  to 
Eolliker,  are  derivatives  of  the  OBteoblasts ;  but  Weguer  maintains  thai  they 
are  formed  by  proliferation  of  advendtia  celts,  and  Recklinghausen,  that 
they  originate  from  white  blood-corpuscles.  According  to  Pomuier,  the  cells 
of  theadventitiaof  the  blood-vessels,  the  endothelial  cells  of  the  perivascular 
lymph  spaces,  and  of  the  Haversian  blood-vessels  themselves— in  short,  the 
protoplasm  of  all  the  cells  lying  near  the  bone  substance — are  capable^ 
under  certain  conditions,  of  taking  on  osteoclastic  functions.  Ponimer  states 
that  the  subsequent  history  of  the  osteoclasts,  as  well  as  their  derivattOD, 
varies,  and  that  osteoblasts  or  other  ce]ls  may  be  made  from  theni.  He 
ascribes  the  cause  of  the  production  of  the  osteoclaxts  to  the  increase  in  the 
local  blood  pressure.  The  action  of  the  osteoclasia  is  entirely  local,  the  bone 
disappearing  in  the  form  of  small  pits  or  lacunie  (Howship's  lacunar,  lacunar 
bone  resorption,  Fig.  401).  The  osteoclasts  probably  form  carbonic  acid,  by 
which  the  lime  salts  are  dissolved,  and  the  rest  of  the  ground  substance  is 
assimilated  by  the  osteocla-sts  or  absorbed  by  the  blood  or  lymph  current 

Tbe  Oedfloation  of  the  Calloi.— The  ossificatinn  of  tlie  callus  lakes  place 
in  precisely  the  "same  way  us  in  the  doveloptneiil  of  bone.  Tlie  <rerminal 
tissue  either  ossifies 

as  such,  or  there  is       . — = -. __^ ,-^.- — -^-^ — ^-T 

first  a  production  of  -  -        '.-,>         z^-^^^-~—  -— -^''-  -  -'^S-_ 

hyaline    or    fibrous  ■"■,.-_- 

cartilage.        In    the 

deepest  layers  of  the         '   "         ,  .  ; 

periosteal     germinal 

tissue,     and     hence  ..  ,?. 

close  to  the  bone,  at    <■  '"'V, 

a  little  distance  from  -  "'' 

the  broken  ends  and  Z-^ 

in     the     neighbour-     y^^  ^^^j 

hood  of  the  normal 

intact       periosteum, 

there  appear  by  the  third  or  fourth  day  small  collections  of  bone-like, 

"osteoid"  tissue.     A  network  of  bony  trabecuhe.  with  enclosed  medullary 

spaces,  gradually  develops.     During  the  second  week  the  formation  of  the 

periosteal  callus  is  so  far  advanced  that  it  consisto  of  a  great  number  of 

osteoid  and  osteal  trabecula:— in  other  words,  tlie  two  fragments  arc  bound 

together  by  a  young  osteophyte  made  of  wide-meshed  bone  tissue.    At  the 
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md  of  the  third  week  (Fig.  399)  the  periosteal  callus  usually  consists  of  fairi/ 
irm.  spongy  bone.  Simultaneously  with  the  formatiou  of  the  periosted 
MilluB  tlie  internal  (myelogenic)  callus  develops  in  the  medulla  of  the  bam 
On  the  inner  surface  of  the  cortex  a  trabecular  system  of 
osteoid  tissue  is  formed,  which  graduaJlj  changes  iolo 
true  bone  by  the  deposition  of  boue  Ball&  The  sx 
of  the  medullary  callus  varies  greatly,  oftentima  fill- 
ing the  entire  medullary  cavity,  while  in  other  in- 
stances it  may  only  develop  to  a  slight  exteoL  Id  Uw 
medullary  callus  also,  particularly  in  the  neighbom^ 
hood  of  the  point  of  fracture,  hyaline  and  fibroiucv- 
ttlage  is  found,  though  not  so  constantly  nor  in  n 
large  amounts  as  in  the  perioeleal  callus.  The  lO' 
called  intermediary  portion  of  the  callus,  which  lid 
between  the  broken  ends,  develops,  as  we  remuktd 
before,  principally  from  the  periosteum. 

BetrogreauTe  Mstamor^ons  of  the  (Ulu-At 
the  outset  the  callus  is  made  up  of  spongy  bone  ridi 
in  marrow.  This  so-called  provisional  callus  ia  tbeo 
transformed  into  the  permanent  bone  cicatrix  bjl* 
coming  more  compact,  decreasing  in  circumfertw^ 
and  becoming  smooth  on  ite  surface.  This  involatioi 
of  the  callus  may  reach  such  completeness  that  tba 
bone  cicatrix  is  later  on  scarcely  visible.  If  the  med- 
ullary cavity  was  closed  by  the  medullary  calliu  II 
may  again  become  free  by  absorption  of  bone.  Wbcr 
ever  the  bone  substance  formed  in  tlie  ossificatiun  of 
the  callus  is  not  functionally  necessary  it  is  absorM; 
while,  on  the  other  hand,  apposition  of  bone  substance  tak^  place  in  Ihm 
parts  of  the  callus  where  they  are  necessary  for  the  firmness  of  the  boM 
cicatrix.  In  this  way  the  structure  of  the  bone  at  the  point  of  fracture  ii 
regenerated  as  completely  as  possible  and  as  the  laws  of  statics  demand.  11» 
regeneration  of  the  medulla  is  brought  about  partly  by  tlie  medullary  celb 
and  partly  by  proliferation  of  the  leucocytes  and  nucleated  red  blood-corpu- 
cles  which  increase  rapidly  by  karyomitosts. 

Billroth.  Volkmaiin,  Oilier,  Bruns,  and  others  have  been  instrumeDtal  ii 
elucidating  the  subject  of  the  formation  of  the  callus,  but  the  real  foundff 
of  the  experimental  study  of  callus  formation  is  Duhamel  (1740),  whoshoW 
by  his  classical  investigations  that  the  callus  is  not  produced  by  any  psrtieo- 
lar  lluid  of  the  body  (Galen),  but  by  a  formation  of  bone  from  the  periorteao 

The  size  and  circumference  of  a  callus  varies  greatly,  according  lo  tl» 
condition  and  position  of  tlie  broken  pieces,  the  location  of  the  fracture,  «i>l 
the  size  of  the  bone.  Constitutional  conditions  also  exert  an  influence.  Th 
strongest  callus,  as  a  general  thing,  develops  in  fractures  through  thediaphj- 
sia  of  the  long  bones,  which  heal  with  displacement,  especially  if  the  fM- 
ture  has  been  coni|)ouiid.  Considerable  disturbance  of  function  may  be  pio- 
duced  by  fractures  like  these  which  heal  in  a  position  of  deformity  withntdi 
a  callus  luKuriuns,  as  it  is  called  (Fig.  402).    The  c&llus  is  generally  sl^htin 
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lit  bonea  like  the  Bcapula  or  those  of  the  pelvis.  After  fractures  of  two 
puoliel  bones  which  lie  next  one  another,  as  is  the  case  id  the  forearm,  it  is 
[«Mible  for  a  synostosis  of  the  two  bones  lo  occur.  After  fractures  in  tho 
oetg'hbourhood  of  joints  the  callus  sometimes  extends  iu  the  form  of  pro- 
MMM  into  the  capsule  of  the  joint,  or  bridges  of  callus  develop,  extending 
bom  the  articular  end  of  one  bone  to  that  of  the  other,  and  producing  an- 
chylosiB  of  the  Joint  Occasionally  true  tumours  (callus  tumours)  form  from 
tin  callus  at  the  point  of  fracture  ;  these  are  sometimes  benign  osteomato,  or 
(Dchondromata,  and  sometimes  malignant  periosteal  or  myelogenic  sarcom- 
lU  iHaberen).  Lange  observed  ibe  formation  of  multiple  exostoses  result- 
ing from  ossifying  myositis  which  followed  multiple  fractures  (Fig.  403).  I 
nmoved  successfully  an  osteochondroma  the  size  of  a  fist  from  the  horizon- 
Ul  and  descending  ramus  of  the  os  pubis  which  developed  after  a  fracture. 

Sfieot  of  Diviiioii  of  tlie  Neirentpon  tbe  Calliu FormatioD W.  Kusmin, 

uperimenting  upon  the  posterior  extremities  of  rabbits,  liaa  studied  the  effect 
tai  Uie  callus  of  dividing  the  nerves,  and  he  observed  that  after  nerve  divi- 
noD  the  callus  is  larger  and  stronger  in  all  ils  stages  than  calluses  formed 
without  neurotomy,  and  the  deposit  of  time  salts  and  ossification  takes  place 
it  SD  earlier  period  and  more  extensively  than  is  the  case  under  normal  cod- 
ditions.  According  to  Kapsamer,  di- 
(iiiou  of  the  sciatic  nerve  has  no  in- 
fluence upon  the  callus  formation. 

Behavionr  of  Bone  SpUnten.— It 
tt  of  special  interest  to  not*  what 
h^ipena  to  small  fragments  of  bone. 
These  which  remain  attached  to  the 
penosteum  or  bone  heal  in  place  the 
nmt  readily.  But  even  completely 
dMached  and  dead  splinters  of  bone 
heal  in  place  by  bony  union  in  the 
cue  of  simple  and  of  aseptic  com- 
poand  fractures,  but  are  then  gradu- 
lUy  replaced  by  new-formed  living 
boDe  tissue  (see  pages  608  and  6U9, 
Oiteoplasty).  If  bone  fragments  do 
Hot  become  united  to  the  rest  of  the 
fcooe,  if  they  die  and  remain  near  the 
point  of  fracture,  consolidation  of 
Um  fracture  may,  in  the  case  of  large 
fnpnents,  be  very  much  delayed,  or 
CTmi  entirely  prevented,  unless  the 
^»tA  portion  of  bone—the  seques- 
tram,  as  it  is  called — is  removed  (see 
Hob,  Necrosis  of  Bone). 

Bcrpftir  of  Bone  Defoote— Oateo- 
ihltr.— The  most  important  method 

■f  closing  defects  in  bone  is  that  in  which  living  bone  is  employed  with  a 
road  nutrient  bridge.  Thus,  in  defects  of  the  skull  a  ilap  is  taken  from  the 
amediate  vicinity  of  the  defect  consisting  of  skin  periosteum  and  the  outer 
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table  of  the  skull,  and  this  pedunculated  flap  is  then  turned  into  the  defe* 
where  it  unites  by  bony  union  in  case  the  wound  runs  an  aseptic  course, 
is  very  necessary  to  avoid  suppuration/  In  case  of  breaks  in  the  continuity  ( 
long  bones,  pedunculated  flaps  of  skin,  periosteum,  and  bone  are  also  used,  o 
a  flap  consisting  of  bone  and  periosteum,  with  a  nutrient  bridge  of  periosteum 
is  formed  from  one  or  both  ends  of  the  bone  and  turned  into  the  defect 
or,  finally,  a  flap  of  periosteum  and  bone  which  is  connected  with  the  soft 
parts  may  be  pushed  into  the  defect  In  suitable  cases  the  defect  may  be 
made  good  by  a  pedunculated  piece  of  bone  from  an  adjoining  bone—e.  g, 
by  splitting  the  bone  in  question  (metatarsal,  metacarpal,  forearm,  leg). 
Finally,  breaks  in  the  continuity  of  the  long  bones  may  be  repaired  by  cut- 
ting off  the  ends  of  the  bone  and  uniting  them  by  nails  or  sutures.  Defects 
in  the  tibia  may  be  repaired  in  this  way  after  resecting  a  corresponding  piece 
of  bone  from  the  flbula.  Bergmann  cured  in  this  way  a  defect  in  the  tibia  of 
about  eleven  centimetres  in  length.  In  one  case  of  defect  in  the  tibia  Hahn 
obtained  a  good  result  by  chiselling  through  the  flbula  and  uniting  its  lower 
end  into  the  medullary  cavity  of  the  upper  portion  of  the  tibia.  The  same 
thing  can  be  done  in  the  case  of  the  forearm. 

In  cases  of  large  defects  in  the  continuity  of  a  bone,  particularly  a  long 
bone,  when  it  is  impossible  to  use  pedunculated  flaps  of  periosteum  and  bone 
or  of  skin,  periosteum,  and  bone  in  the  way  described  above,  and  in  cases 
where  it  is  impracticable  to  unite  the  ends  of  the  bone  by  sutures  or  nails, 
the  defect  may  be  fllled  in  with  fresh  sterile  pieces  of  human  bone,  a  half 
to  one  centimetre  in  length  and  a  quarter  to  half  a  centimetre  in  width  or 
thickness,  which  are  in  a  state  of  active  growth,  as  in  the  case  of  the  small 
pieces  of  healthy  bone  obtained  during  a  sequestrotomy  operation.  Spongr 
bone  from  children,  and  any  bone,  in  fact,  obtained  from  bone  operations  on 
children,  is  very  suitable  for  this  purpose.  The  bone  thus  taken  from  the 
living  subject  is  kept  until  used  in  1  to  500  bichloride  at  a  temperature  of  # 
O.  (104^  F.).  In  case  it  is  not  possible  to  obtain  fresh  human  bone,  one  can 
make  use  of  small  pieces  of  bone  from  young  growing  animals,  such  as  rab- 
bits, or,  what  is  simpler,  small  pieces  of  dead  bone  material  from  man  or 
animal  which  contains  calcium — e.  g.,  bone  charcoal  (Barth).  The  wound  in 
the  skin  is  sutured  over  the  material  that  is  used  for  filling  purposes,  the 
upper  and  lower  angles  being  left  open.  The  extremity  is  immobilised  and 
suppuration  must  be  avoided.  Some  authorities  claim  that  small  and  com- 
pletely separated  pieces  of  living  bone  may  heal  in  place  again.  Others, 
however,  have  shown  that  the  living  bone,  like  the  dead  bone  material,  acts 
merely  as  a  temporary  filling  material  ;  it  heals  in  place  only  temporarily, 
acts  as  an  irritant  for  the  new  production  of  bone,  but  is  finally  replaced 
by  new  bone  tissue.  The  calcium  in  the  pieces  of  bone  is  used  for  the 
formation  of  new  bone  tissue.  If  human  osteoblasts  are  implanted  at  the 
same  time,  they  aid  directly  in  the  formation  of  bone.  Tlie  main  point 
is  to  use  bone  material  that  contains  calcium  and  is  in  an  absorbable  and 
sterile  form  (Barth).  I  healed  a  defect  in  the  tibia,  thirteen  centimetres  in 
leiig-th,  resultinof  from  complete  necrosis  of  the  shaft,  by  the  implantation  of 
numerous  small  pieces  of  bone  taken  from  a  ten-day-old  rabbit  (Fig.  404^ 
About  two  thirds  of  the  pieces  of  bone  healed  in  place  without  suppuration 
and  the  other  third  came  away  in  a  necrotic  state.    In  a  second  case  I  heale 
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defect  in  the  tibia,  nine  centimetres  in  length,  by  the  implantation  of  small 
icces  of  human  bone  freshly  chiselled.  The  pieces  of  bone,  which  before 
tmg  used  had  been  placed  for  ten  to  fifteen  minutes  in  1  to  600  bichloride 
[mercury  at  a  temperature  of  40'  C.  (104°  F.),  all  healed  in  without  suppu- 
itkin.  In  both  cases  the  akin  wound  was  closed,  except  at  the  upper  and 
mw  angles.  The  use  of  pieces  of  human  bone  and  animal  bone  for  filling 
idefects  has  been  attempted  by  various  other  surgeons.    The  disk  of  bone 


k  IM.— Complete  Decnwiq  of  the  shaft  ot 
Utiii  n-ith  extennive  burro win>;  of  iiU"  in  the  vil;init^  of  the  knee.     Kesti.nition  of  n.'orotio 
ihift  from  a  lo  6  bj  tnnspluitBtioD  of  sinBlI  iiiecta  of  bone  from  n  tfn-dav-aUl  rahhit 
fn»b[j  killed. 

Dored  by  the  trephine  has  sometimes  been  made  to  heal  in  place  afi;ain. 
cording  to  Barth,  it  ia  probably  replace<l  gradually  by  newly  formed  bone, 
lie  Wolff  and  others  claim  that  the  transplanted  bone  remains  as  such. 

Finally,  different  kinds  of  sterile  dead  substances  have  been  used  as  a 
ng  inat«rial  for  bone  defects  or  cavilics.    Dead  bone,  either  decalcified  or 

decalcified,  has  been  used.  Grekoff  used  with  success  bone  charcoal. 
■ber  employed  iodoform  starch.  The  calcified  material  is  only  fitted  for 
e  cavities  ;  the  repair  of  a  large  defect  in  the  continuity  of  a  long  bone 
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is  hardly  possible  with  uncalcified  material.    Bone  defects  in  the  skull  havi 
been  closed  by  a  celluloid  plate.    Gluck  attempted  to  heal  large  pieces  0/ 
ivory  into  defects  in  long  bones,  and  even  to  make  a  sort  of  joint  in  place 0/ 
a  real  joint.    These  attempts  of  Gluck  have  proved  a  failure.    If  a  lai^ 
dead  piece  of  bone,  such  as  ivory,  is  used  for  movements  or  for  support,  it 
does  not  heal  in  place  permanently,  and  painful  inflammatory  (carious)  pro- 
cesses take  place  in  the  adjacent  living  bone,  so  that  the  foreign  body  has  to 
be  removed,  as  Bergniann  had  to  do  in  a  case  operated  on  by  Gluck.   In 
rare  cases,  however,  large  foreign  bodies  seem  to  have  healed  into  defects  in 
the  long  bones  for  a  certain  time  at  least.     Giordano,  for  example,  seems  to 
have  healed  a  piece  of  iron  twenty-three  centimetres  long  and  ten  to  twelve 
millimetres  thick  into  a  defect  in  the  tibia ;  it  had  a  disk  of  ivory  at  its  upper 
and  lower  end.     Pean  restored  the  upper  half  of  the  humerus  by  introducing 
an  artiiioial  appliance  made  of  rubber  and  platiniridium.     Unfortunately, 
subsequent  reports  on  these  cases  have  not  been  given,  which  are  absolutely 
neces.sary. 

The  temporary  introduction  of  pieces  of  ivory  into  the  medullary  cavity 
of  long  bones  might  come  into  consideration  in  the  case  of  defects  in  the 
extremities  for  the  purpose  of  stimulating  the  growth  of  bone.  Bircherhts 
use<l  this  method  for  securing  the  ends  of  the  bone  in  compound  fracturei 
and  pseudarthrosis.  In  the  majority  of  cases  the  piece  of  ivory  which  had 
been  implanted  was  removed  after  the  bones  had  united. 

As  regards  the  filling  in  of  bone  cavities  with  hardening  material,  such  as 
plaster  of  Paris,  copper  amalgam,  dental  gutta  percha,  and  Richter's  cemenis 
it  is  at  the  present  time  impossible  to  give  a  definite  opinion  of  its  worth,  bat 
the  method  deserves  further  trial.  It  is  not  as  yet  suitable  for  defects  in  the 
continuity  of  bones,  but  in  the  case  of  bone  cavities  good  results  have  occa- 
sionally been  obtained.  The  chief  difficulty  consists  in  rendering  a  bone 
cavity  perfectly  germ  free. 

Eepair  of  Fraotnres  of  Cartilage.— The  process  of  repair  in  fractures  d 
cartilage,  such  as  the  ossifying  costal  cartilages  or  laryngeal  cartilages  whidi 
are  covered  with  perichondrium,  is  mainly  carried  on  by  the  perichondrium, 
and  a  fibrous  cartilage  is  formed,  which  then  gradually  ossifies.  ttegresBiTe 
changes  usually  take  place  at  the  broken  ends,  and  the  cartilage  undergoei 
fatty  degeneration,  but  at  a  distance  a  little  farther  removed  from  the  broken 
ends  of  the  cartilage  there  occurs  a  vigorous  proliferation  of  cartilage  celli 
and  a  formation  of  new  cartilage  tissue  (Tizzoni  and  others).  In  cases  of 
interruption  of  continuity  and  loss  of  substance  in  the  cartilage  of  jointi 
which  is  not  provided  with  perichondrium,  a  fibrous  connective-tissue  cica- 
trix ordinarily  develops,  which  Tizzoni  states  is  capable  in  time  of  changio^ 
into  hyaline  cartilage  tissue.  Portions  of  cartilage  which  have  been  com- 
pletely broken  off  do  not  regain  their  attachments,  and  either  become  free 
bodies  in  the  joint  or  are  encapsulated  by  new  connective  tissue  formed  from 
the  inner  surface  of  the  capsule. 

The  Time  required  for  Fractures  to  HeaL— The  time  which  is  re- 
quired for  the  callus  formation  to  reach  completion  and  render  the  \ 
affected  bone  a«^in  capable  of  performing  its  function,  depends  upon 
the  size  of  the  bone  which  is  involved,  the  nature  of  the  fracture,  and 
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not  infrequently  also  u]Kin  constitutional  conditions.  A  simple  siibcu- 
taneuus  fracture,  as  a  general  thing,  lieals  more  rapidly  tLan  a  com- 
miiiDted  or  a  componnd  fracture  mtli  considerable  injury  to  soft 
Tp&rts.  In  childhood,  union  takes  plave  more  rapidly  than  in  a<iu]t 
life.  The  healing  of  a  fracture  may  he  prolonged  by  constitational 
auunialies,  such  as  tlje  occurrence  at  the  same  time  of  severe  acute 
constitutional  infectious  diseases,  or  by  syphilis,  scurvy,  diabetes  mel- 
iitns,  and  not  infrequently  hy  pregnancy.  Gurlt  has  given  the  follow- 
ing periods  aa  those  required  for  the  healing  of  simple  subcutaneous 
fractures :  A  broken  phalanx  needs  ahont  two  weeks,  the  metacarpus, 
metatarsus,  and  ribs  three,  the  clavicle  four,  the  forearm  five,  the 
humerus  and  fibula  six.  the  neck  of  the  humerus  and  the  tibia  seven, 
both  bones  of  the  leg  eiglit,  the  femur  ten,  and  the  neck  of  the  femur 
twelve  weeks  before  consolidation  is  complete.  The  modern  treat- 
ment of  fractures  baa  shortened  the  time  of  healing  very  materially. 
This  has  been  brought  atiout  by  the  use  of  ambulatory  splints,  early 
massage  with  movements  of  the  joints,  and  the  not  too  prolonged  use 
of  imuiohilising  splints. 

Conditioa  of  the  Soft  Farta  and  Joints  after  Healing  of  a  Fracture. — 
After  consohdation  of  a  fracture  the  full  usefulness  of  the  joints  is  not 
itnmediately  restored,  and  the  muscles  very  frequently  have  become 
atrophic  as  a  result  of  their  long  inactivity.  This  muscular  atrophy 
is  probably  in  part  of  spinal  origin,  i.  e.,  it  is  caused  reflexly  by  irrita- 
tion at  the  [joint  of  injury.  Kiliani  believes  tbat  it  is  due  mainly  to 
the  toxic  action  of  the  absorbed  extravasation  of  blood  upon  the  cen- 
tripetal nerve  endings.  From  long- eon  tinned  immobilisation  or  too 
tight  dressings  this  atrophy  of  the  muscles,  particularly  in  aniemic 
individuals,  may  give  rise  to  tlie  iwhtemic  paralyses  and  contractures 
mentioned  on  page  569.  Sometimes  the  functions  of  the  muscles  are 
disturbed  by  cicatricial  shrinkage  aa  a  direct  result  of  the  injury,  or 
by  their  insertion  having  been  torn  away,  or  by  paralysis  in  conse- 
quence of  a  complicating  injury  to  the  nerves,  or  from  compression 
of  the  nerves,  for  instance,  by  the  callas.  The  skin  very  often  exhibits 
slight  tiisturbances  of  nutrition :  it  is  dry  and  rough,  and  the  epidermis 
comes  off  in  scales.  Very  frequently  there  are  varying  ilegreee  of 
oedema  of  the  skin  and  subcutaneous  soft  parts.  The  rest  which  the 
healing  of  a  fracture  enjoins  also  has  a  deleterious  effect  upon  the  con- 
dition of  the  joints  (Menzel,  Reyher).  In  consequence  of  the  shrink- 
age of  the  capsule  of  joints  immobilised  by  the  fracture  drt^sing,  the 
joints  are  more  or  less  stiff  after  the  splint  is  removed,  and  sometimes 
inHamniatory  effusions  occur.  Ordinarily,  with  the  increasing  use  of 
the  joint  and  under  proper  treatment  (by  masaage  and  passive 
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thoae  disturbanceB  very  booh  disappear.  In  other  cases  joint  inflsa- 
matione  have  their  foandation  in  a  direct  injury  of  the  joint,  and 
under  these  circumstances  it  is  possible  for  permanent  joint  disturb- 
ances, inflammation  giving  rise  to  deformity,  anchylosis,  etc.,  to  occu 
(see  Diseases  of  Joints). 

Conne  of  the  Epiphyteal  Separationi, — The  separations  of  the  epiph- 
yses run  essentially  the  same  course  as  fractaree  of  the  bone.   ¥e 
still  lack  precise  anatomical  knowledge  upon  the  phenomena  of  tbdi 
healing.     Great   interest  attadta 
to  the  qaestion  of  how  much  dii- 
turbance  after  epiphyseal  eepui- 
tions   has   been   obserred  in  tha 
growth  of  the   affected   bone  « 
account  of  ossification  of  the  ep- 
physeal  cartilage.     Unfurtunateiv, 
only  a  few  obsefvations  have  lieeo 
recorded  on  this  subject     Bmni'i 
statistics  show  that  a  couseqneit 
arrest  of  developmeut  only  occnn 
in  rare  and  exceptional  inGtanca 
to  any  marked  degree,     Togt  hn 
recorded  observations  of  tbis  kinl 
In  Fig.  405  is  represented  a  short- 
eniug  of  the  humerus  amoaudng 
to  twelve  and  one  half  ceudmetn 
in  a  thirty-year-old  woman  whiii 
was  probably  the  result  of  a  trau- 
matic separation  of  the  epiphysis  sustained  in  childhtHxl,  with  enUfr 
quent  anchylotiiB  of  the  shoulder  joint.    Shortening  develops  especiiBj 
when  the  diaphyaiB  and  epiphysis  are  driven  into  one  another  and  bol 
together  in  this  position,  or  when,  in  consequence  of  simultaneous  injurv 
to  the  adjacent  layer  of  epiphyseal  hone,  a  growth  of  bone  makef  iB 
way  through  the  epipliyseal  cartilage  into  the  diaphyeis  and  unites  ejHf*- 
ysis  and  sliaft  so  that  the  further  growth  is  arrested  (Nov^- JosserandV 
DisturbanceB  during  the  Healing  of  Fraoturei.— The  moat  iraporWl 
difitnrlmiices  which  may  arise  while  a  fracture  is  healing  are  brieflvn 
follows : 

1.  .S',^''.-^-.     See  g  fi3. 

2.  D''/irnim   Tremenfi.     See  §  64. 

3.  IiifedhniK  Dixeasen  nf  Wounda.  See  §§  66-75. — These  are  pa^ 
ticuliirly  liable  to  occur  in  the  case  of  compound  fractures  which  li»« 
not  been  treated  aiitiseptieally. 


cdcd  growth  or  the  rif^ht  hu- 
alily  rsnultinii  from  b  Iraunr''" 
BeparBtiun  of  the  epiphyuls  (BryBDt). 
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4.  Oangrene. — See  §  lOO.^TIiis  may  be  caused  by  severe  injury  of 
the  soft  parts,  by  injury  to  the  larger  veaaeis,  hy  pressure  of  tbe  frag- 
ments upon  the  main  artery,  by  improper  treatment,  such  as  too  tight 
dressings,  etc. 

5.  J^ecrcais  of  the  Ends  of  the  Erag^ne^nis. — This  is  especially  apt 
to  occur  in  compound  fractures  when  the  broken  ends  lie  in  the  wound 
stripped  of  their  periosteum,  or  when  they  are  badly  crushed  or 
splintered  into  several  fragmeuts,  or  when  the  periosteum  and  medulla 
are  to  a  great  extent  destroyed  by  snppuration  and  sloughing.  The 
dead  bone— or  sequestrum,  as  it  is  called— ie  then  separated  from  the 
living  hone  by  a  demarcating  suppuration  (see  §  106,  Necrosis  of 
Bone). 

6.  Fat  Emboli. — Probably  in  every  fracture,  as  a  result  of  the 
laceration  of  the  hone  marrow  and  subcutaneous  adipose  tissue,  fluid 
fat  gains  access  to  the  blood  and  lymph  vessels  which  are  opened  at 
the  point  of  fracture.  Wherever  the  lumen  of  the  vessels  is  too  small 
for  the  passage  of  the  fat  drops  circulating  in  the  bloot)  at  this  point, 
these  drops  lodge  and  occlude  the  vessel.  Fat  emboli  of  this  kind 
following  fractures  are  observed  particularly  in  the  pulmonary  capilla- 
ries, and  they  also  frequently  occur  in  the  smallest  vessels  of  tbe  brain, 
kidneys,  Hver,  intestinal  villi,  etc.  As  long  as  the  fat  emboli  are  scat- 
tered and  not  extensive  their  occurrence  is  entirely  unimportant ;  the 
fat  provinces  no  symptoms  worth  mentioning  of  either  a  local  or  consti- 
tutional nature,  beyond  causing  a  temporary  occlnsion  of  the  lumen  of 
the  vessel  in  question.  But  sometimes  the  fat  emboli  in  tlje  lungs  or 
brain  are  so  numerous  and  so  extensive  as  to  cause  death,  not  only  in 
those  weakened  by  age,  but  now  and  then  in  those  who  are  in  the 
prime  of  life.  Death  is  due  to  a  pronounced  accumulation  of  fat  in 
the  capillaries  of  either  the  lungs  or  tbe  brain.  Scriba  has  performed 
experiments  to  determine  the  manner  in  which  fat  emboli  act,  and  he 
maintains  that  death  is  mainly  the  result  of  their  lodgment  in  the 
brain.  As  a  rule,  death  occurs  about  three  to  four  days  after  the  frac- 
ture, and  in  such  cases  there  is  a  continual  accumulation  of  fat,  during 
several  days,  in  the  capillaries  of  the  lungs  and  brain,  which  finally 
causes  a  more  or  less  sudden  functional  incapacity  of  these  organs.  It 
is  comparatively  seldom  that  death  is  the  result  of  fat  emboli  alone; 
there  are  generally  other  complications. 

7.  FmMt»m  of  the  Pulmonary  Artery  follmchig  ThromhoHt  tjf 
thf  Lartjrr  Veinf  lit  the  liegimi  of  Fractvre.—Th.\6  serious  complication 
may  occur  particularly  after  thrombosis  of  the  deep  veins  in  fractures 
of  the  lower  extremity.  The  thrombus  in  the  vein  may  break  loose 
either  while  the  patient  ia  lying  quietly  in  bed,  or  because  of  some 
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movement  of  the  body,  from  massage,  or  from  a  change  of  the  dreet 
ing,  and  death  may  follow  within  a  few  seconds  from  emboliem  of  tb 
pulmonary  artery.  Konig  observed  death  from  embolism  of  the  pa 
monary  artery  od  the  eighteenth  day  after  a  eubcutaneouB  fracture  ( 
the  leg  in  a  strong  man  thirty  years  of  age.  When  the  patient  «t 
laid  upon  the  operating  table  preparatory  to  changing  the  dreesing 
he  was  suddenly  seized  with  cramps  and  opisthotonus,  tbe  pD]M 
became  dilated,  and  he  died  in  a  few  moments.  The  aatopsy  rereik 
a  large  clot  lodged  in  the  pulmonary  artery,  and  it  was  only  with  difl 
cultj  that  the  point  was  found  in  the  anterior  tibial  vein  where  tl 
thrombus  liad  originated, 

8.  IIcBnwr-rhage. — In  compound  and  subcutaneons  fractures  btemo 
rhage  may  occur  ae  a  result  of  the  violence  which  has  been  brongl 
to  bear  upon  the  part,  or  it  may  be  produced  by  pointed  fr^mect 
splinters  of  Ijone,  etc,  (see  §§  87-89). 

9.  Consiituti&tud  anomalies  play  an  important  part  in  respect  t 
the  prognosis  in  the  case  of  any  fracture,  A  fractnre  sustdned  br 
very  old  person  and  entailing  a  long  confinement  in  bed  is  a  eerioo 
accident,  for  the  reason  that  life  may  readily  become  endangereii  b 
hypostatic  pneumonia. 

10.  Delay  in  ths  formation  t)f  the  caltua  is  particularly  apt  to  OM 
when  constitutional  anomalies  exist,  or  in  acute  and  chronic  iDfectiw 
diseases  (typhoid  fever,  syphilis,  scurvy),  in  diabetes  mellitus,  indiseue 

of  the  peripheral  nerte 
and  central  nervous  sjetm 
such  as  progressive  panlr 
sisjOr  during  pregnuic;,etc 
11.  Pseudarihroiit--^ 
bony  union  does  not  tilt 
place  between  tbe  fng 
ments,  the  resulting  coixfr 
tion  is  called  a  pseudattliio- 
sis — i,  e.,  a  false  joint  fsM 
Fig.  406).  In  a  ease  of 
pseudarthrosis,  the  f»g- 
:t-7eiir^"id  munr'""' '"""  ments  are  either  entinl; 
free  from  conuection  ^^ 
one  another,  or  they  are  joined  together  by  a  connective-tissue  or  (* 
tilajriuouB  intervening  substance  of  varying  strength.  In  rare  iustani? 
a  kind  of  true  joint  is  observed  at  the  point  of  fracture — i,  e.,  the  en 
of  tbe  fragments  are  covered  with  a  layer  of  hyaline  cartilage,  and 
shallow  cavity  is  hollowed  out  of  one  fragment,  while  the  other 
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rounded  to  fit  it;  the  periosteum  and  neighbouring  connective  tissue 
lorroands  and  encloses  the  broken  pieces  in  the  form  of  a  capsule,  and 
inwme  cases  there  will  be  found  in  the  joint-like  cavity  a  fluid  which 
resembles  synovia.  In  pseudarthroses  such  as  this,  even  synovial 
yilli  and  loose  bodies  have  been  found,  the  latter  sometimes  in  great 
nombers. 

Oocnrrenoe  of  PfleudarthrosiiL — In  general,  pseudarthrosis  is  not  of 
common  occurrence.  Karmilow  states  that  a  pseudarthrosis  takes  place 
once  in  about  three  hundred  or  four  hundred  fractures.  The  pseudar- 
throses following  fracture  of  the  neck  of  the  femur  and  fracture  of  the 
patella  are  the  most  frequent.  Bruns's  statistics  seem  to  show  that 
ehildhood  and  old  age  predispose  less  to  pseudarthrosis  than  middle 
life.  In  fact,  pseudarthroses  are  very  rare  in  children,  particularly  in 
fte  bones  of  the  forearm,  but  they  are  more  common  in  the  humerus 
and  tibia. 

CanBes  of  Pseudarthrosis. — The  causes  of  pseudarthrosis  are  usually 
local  in  their  nature,  being  principally  those  which  prevent  exact  coap- 
tation of  the  wounded  bone  surfaces.     A  pseudarthrosis  may  result,  for 
€xample,  from  a  diastasis  of  the  fragments,  such  as  often  occurs  after 
transverse  fracture  of  the  patella  or  after  loss  of  a  large  portion  of  a 
bone,  owing  to  its  becoming  extensively  crushed ;  or  the  affection  may 
iBsalt  from  displacement  of  the  fragments,  or  from  interposition  of 
moBcles,  tendons,  fascia,  foreign  bodies  (bullets),  pieces  of  dead  bone, 
«tc,  between  the  fractured  surfaces.      In  other  cases — for  instance, 
after  intracapsular  fractures  of  the  neck  of  the  femur,  or  intracapsular 
fractures  of  the  neck  of  the  humerus — the  pseudarthrosis  is  caused  by 
the  insnfScient  nourishment  of  one  of  the  fragments.     Pseudarthrosis 
nay  also  originate  in  consequence  of  insufficient  coaptation  of  the  frac- 
tured surfaces  due  to  defective  dressings,  particularly  if  the  fracture  is 
oblique ;  under  these  conditions  the  fragments  are  permitted  to  move 
and  become   separated.     An    influence   is  sometimes  exerted  in  this 
direction  by  a  paralysis  which  may  exist  at  the  time  of  the  fracture,  or 
by  too  little  inflammatory  reaction  in  consequence,  for  example,  of  the 
wound  healing  aseptically  in  the  case  of  compound  fractures.     Consti- 
tutional disturbances,  especially  the  general  weak  condition  which  fol- 
lows severe  febrile  diseases,  loss  of  blood,  prolonged  lactation,  preg- 
nancy, etc.,  have  in  rare  instances  given  rise  to  pseudarthroses.     Under 
these  circumstances  it  has  also  happened  that  an  already  ossified  callus 
has  softened  and  been  completely  absorbed.     Whether  injuries  and 
diseases  of  the  central  nervous  system  and  the  peripheral  nerves  really 
predispose  to  pseudarthrosis,  as  has  been  maintained,  seems  to  me 
<loubtfal. 
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The  degree  of  functional  disturbance  resulting  from  a  pseudartW 
sis  depends  mainly  upon  the  location  of  the  latter,  the  function  of  the 
bone  which  is  involved,  and  especially  upon  the  amount  of  motion  pos- 
sessed by  the  false  joint.  In  a  pronounced  pseudarthrosis  of  a  long 
bone,  like  the  femur  or  humerus,  the  affected  portion  of  the  limb  or 
the  entire  extremity  is  quite  useless,  unless  some  supporting  apparatus 
IS  worn. 


of  Fraotureflb — The  diagnosis  of  fractures  is  made  from  the 
above-described  symptouis.  In  order  to  make  out  the  latter,  a  systematic  aud 
careful  examination  of  the  injury  should  be  undertaken.  This  examiiiatioii 
consists :  1.  In  a  thorough  inspection  of  the  injured  portion  of  the  body, 
noting,  for  example,  changes  in  its  shape  and  disturbances  of  function,  t 
In  palpation  of  the  place  where  the  fracture  is  presumed  to  be,  corabined 
with  passive  motion.  3.  In  an  exact  measurement  of  the  length  of  the  iih 
jured  bone,  or,  rather,  the  extremity,  to  determine  the  existence  and  amoanl 
of  shortening.  Simple  inspection  will  often  be  sutBcient  for  the  immediate 
recognition  of  a  fracture.  Entirely  apart  from  the  crepitus  and  abnormal 
mobility,  the  characteristic  linear  pain  obtained  by  palpation  of  the  line  of 
fracture  will  frequently  betray  the  existence  of  a  fracture.  In  order  to  pal- 
pate the  line  of  fracture  more  readily,  the  extravasation  at  the  point  of  frac- 
ture should,  when  practicable,  be  removed,  or  at  least  diminished  in  amount, 
by  gentle  massage.  The  corresponding  sound  portion  of  the  body  should 
always  be  compared  with  the  injured  part,  with  a  view  to  determining  how 
far  the  normal  position  of  the  constituent  parts  has  been  altered  by  tlie  in- 
jury. Not  infrequently  we  have  to  make  the  examination  during  narcosis  to 
find  out  the  exact  nature  of  the  fracture,  especially  when  it  is  compound.  In 
all  cases  where  the  diagnosis  of  fracture  is  doubtful  the  injury  should  always 
be  treated,  for  the  first,  at  least,  according  to  the  rules  which  govern  the  treat- 
ment of  fractures. 

Percussion  and  Aufcultation  of  Bonei.— Liicke  and  Hueter  have  recom- 
mended percus.sion  and  auscultation  of  the  bone  as  an  aid  in  the  diagnosisof 
fractui'es,  particularly  when  it  is  desired  to  determine  the  presence  of  fissures 
in  the  skull,  which  can  be  recognised  by  the  pain  the  patient  feels  during  tb* 
percussion.  If  soft  parts  are  interposed  between  the  ends  of  the  fragments. 
Hueter  states  that  auscultation  (osteophony)  will  show  a  diminution  or  com- 
plete cessation  of  the  conduction  of  sound. 

As  regards  the  use  of  the  X-rays  in  the  diagnosis  of  injuries  and  diseases 
of  bone,  see  §  124. 

The  Prognosis  of  Fractures.— The  prognosis  of  subcutaneous  fractures 
without  mu(!h  injury  of  the  surrounding  soft  parts  is,  in  general,  favourable. 
Transverse  fractures  heal  more  rapidly  and  are  less  apt  to  cause  lasting  d^ 
formity  than  oblique  fractures.    The  location  of  the  fracture  is  an  exceedingly 
important  matter  as  regards  the  prognosis.    The  latter  is  more  favourable ia 
fractures  of  the  extremities  than  in  those  of  the  bones  of  the  skull,  trunk, 
and  pelvis,  in  which  the  concomitant  injuries  of  neighbouring  organs  o! 
vitiil  importance,  such  as  the  brain,  spinal  cord,  lungs,  heart,  bladder,  etc^ 
may  readily  give  rise  to  very  serious  disturbances  or  death.     In  other  casefi 
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injury  ti)  a  neighbouring  large  vessel  may  cause  fatal  lia.'inorrhage,  or.  when 
the  middle  uieniugt^l  artery  is  wounded,  cerebral  coiupressioii,  with  possibly 
fatal  results. 

Fracturefi  of  the  lower  extretiii ties  in  old  people,  necessitating  their  con- 
finement to  bed  for  weeks,  are  always  to  be  looked  upon  as  severe  injuries. 
As  a  result  of  the  long-continued  dorsal  decubitus,  general  disturbances  of 
nutrition,  bronchitis,  and  hypostatic  processes  in  the  lungs  readily  develop, 
which  very  often  terminate  fatally.  This  fact  is  of  therapeutic  importance, 
as  it  teaches  us  in  proper  cases  to  permit  patients  with  fracture  of  the  neck  of 
the  femur,  for  example,  to  get  about  in  ambulatory  splints  as  soon  as  possible. 

The  prognosis  of  fractures  involving  the  articular  ends  of  bones  of  the 
extremities  is  very  frequently  unfavourable,  particularly  as  regards  restora- 
tion of  the  function  of  the  joint. 

The  character  of  the  fracture  exerts  a  very  important  influence  upon  the 
prognosis  as  regards  the  preservation  of  the  patient's  life  and  the  saving  of 
the  injured  limb,  as  well  as  its  complete  reatitutio  ad  integrum.  Compound 
fractures,  in  particular,  are  always  to  be  looked  upon  as  severe  injuries,  and 
ones  which  threaten  bt)tli  the  limb  and  life  itself,  but  tlianks  to  Lister's  anti- 
septic method  of  treating  wounds,  we  are  no  longer  powerless  to  combat 
infectious- wound  diseases.  In  the  pre-an  tiseptic  times  the  mortality  of  com- 
pound fractures  amount«^d  to  thirty-flve  to  forty  per  cent,,  and  in  especially 
infected  hospitals  even  Ui  sixty  to  seventy  per  cent,  and  more.  Three  quar- 
ten  of  the  fatal  cases  were  due  to  septicaemia  and  pyaemia.  At  present  the 
mortality  of  compound  fractures,  when  timely  an<l  proper  antiseptic  treat- 
ment is  bestowed  upon  the  wound,  is  extremely  small,  for  the  reason  that  we 
have  learned  to  prevent  infectious- wound  diseases.  From  this  it  is  plain  that 
the  prognosis  of  a  compound  fracture  is,  in  general,  more  favourable  the  ear- 
lier it  is  placed  under  the  protection  of  antiseptic  treatment 

Frequently  it  may  be  imjMsttibte  to  preserve  tlie  broken  limb,  so  that 
either  immediately  after  the  injury,  or  later,  aniputaliou  of  the  extremity 
muKt  be  undertaken. 

The  extent  to  which  the  prognosis  of  any  fracture,  subcutaneous  as  well 
as  compound,  may  be  atfecled  by  various  accidental  circumstances,  liaa  been 
discussed  on  pages  612-614. 

Treatment  of  FraotTires,^The  tirst  aid  to  the  pcrB<^iD  who  has  juBt 
HUBtaineii  a  fnictiire  often  falls  to  the  eliare  of  the  iaity  who  happen  to 
\ie  present  iit  the  accident.  Unfortunately,  their  assistance  frequently 
does  more  harm  than  gt>od.  Id  fractures  of  the  upper  extremity  the 
patient  uauatiy  instinotiveiy  place*  the  broken  limb  in  a  proper  position. 
But  the  conditions  are  entirely  different  in  all  fractures  of  the  pelvis, 
verteline,  and  lower  extremity,  in  consequence  of  which  the  injured 
person  is  aoablc  to  walk.  Under  tliese  conditions  the  patient  must  be 
lifteil  cautiously  after  securely  supporting  the  j)oint  of  fracture.  If  an 
individual  who  has  received  an  injury  of  this  kind  has  to  lie  transiwrted 
to  his  home  or  ti>  a  hospital,  the  fractured  jmrt  should  1)6  placed  in  the 
most  secure  position  possible,  a  suitable  temporary  dressing  appjied  to 
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prevent  unnecessary  pain  and  displacement  of  the  ends  of  the  frag- 
ments, as  well  as  serious  injuries,  such  as  perforation  of  the  skis  aod 
severe  wounds  of  the  soft  parts,  particularly  of  the  vessels,  with  dan- 
gerous haemorrhage,  etc.  Great  care  should  be  used  in  removing  tie 
patient's  clothes,  portions  of  the  latter — his  boots,  etc. — when  necesgarr, 
being  slit  up  with  a  knife  or  scissors.  The  technique  of  applying  an 
impromptu  dressing,  the  various  splints,  the  arrangement  of  the  bed, 
the  position  of  the  patient,  etc.,  are  described  in  §§  52-55. 

The  treatment  of  the  fracture  itself  consists,  in  the  case  of  a  simpk 
fracture,  in  correcting  the  deformity  as  soon  as  possible — i.  e.,  in  repo- 
sition or  reduction  of  the  fragments,  and  in  retention  or  fixation  of  the 
broken  pieces  after  they  have  been  placed  in  apposition  by  a  suitable 
retentive  dressing  until  bony  union  is  complete. 

Bednction  of  the  FragmentSw — Keduction  or  return  of  the  displaced 
fragments  into  their  normal  position  is  usually  brought  about  by  exten- 
fiion  (traction)  and  counter-extension  in  the  longitudinal  axis  of  the 
broken  bone.  The  extension  and  counter-extension  of  the  broken  limb 
are  usually  cautiously  performed  by  two  assistants,  while  the  enrgeon 
grasps  the  point  of  fracture  and  brings  the  fragments  into  their  nor- 
mal position  (coaptation).  Manual  reposition  or  reduction  will  almoet 
always  be  suflScient.  If  great  force  has  to  be  used,  or  if  the  pain  is 
intense,  an  anaesthetic  may  have  to  be  employed.  Extension  appara- 
tus, such  as  the  pulley  or  Schneider-Mennel's  frame,  which  were  at 
one  time  very  much  used,  have  become  antiquated.  The  reduction  of 
many  fractures,  such  as  those  of  the  bones  of  the  face  or  through  the 
<;ondyle8  in  the  immediate  neighbourhood  of  a  joint,  etc.,  can  be  accom- 
plished simply  by  direct  manipulation,  without  extension  and  connter- 
•extension. 

Obstacles  to  Bednction. — Occasionally  various  obstacles  stand  in  the 
way  of  the  successful  reduction  of  a  fracture.  These  include  the  inter- 
position of  splinters  of  bone  or  of  soft  parts  between  tluB  fragments, 
impaction  of  the  broken  ends  in  fractures  of  the  articular  extremitiefi 
of  bones,  and  the  impossibility  of  bringing  sufficient  power  to  bear  upon 
the  fragments.  Impaction  of  the  broken  ends,  such  as  may  occur  in 
fractures  of  the  neck  of  the  femur,  should  be  let  alone,  for  the  reason 
that  the  impaction  favours  consolidation  of  the  fracture. 

Application  of  Retentive  Dressings^ — There  are  a  great  nuniberof 
splints  and  dressings  described  in  §§  53-55  for  holding  the  fragments 
in  their  normal  position  after  they  have  been  brought  into  apposition. 
The  ordinary  dressing  for  a  fracture  is  the  rapidly  hardening  retentive 
appliance  made  of  plaster  of  Paris  (page  217).     Extension  apparatus 
are  generally  used  for  fractures  of  the  thigh,  and  can  also  be  employed 
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for  the  upper  extremity  (see  §  55,  page  230),  while  special  splints  are 
neommended  for  many  fractures,  such  as  those  of  the  lower  end  of  the 
radios.  The  hardening  retentive  dressings  should  be  applied  as  soon 
as  possible,  and  it  very  often  happens  that  subcutaneous  fractures  will 
heal  nuder  a  single  dressing.  If  the  swelling  at  the  point  of  fracture 
is  considerable,  ice  can  be  applied  to  the  surface  for  several  days  with 
advantage,  and  then,  after  the  inflammatory  swelling  has  been  reduced, 
the  limb  can  be  placed  in  the  hardening  dressing.  Even  though  the 
swelling  is  marked  the  plaster-of -Paris  dressing  can  be  immediately 
applied,  if  the  parts  are  first  carefully  padded  with  cotton.  In  such 
eases  the  hardening  dressing  has  an  antiphlogistic  effect  from  its  gentle 
and  even  pressure — i.  e.,  it  prevents  an  increase  in  the  swelling.  After 
a  certain  length  of  time  this  dressing  becomes  loose  and  does  not  suffi- 
ciently immobilise  the  point  of  fracture,  and  hence  it  must  be  taken  off 
and  replaced  by  a  new  one.  The  closed  plaster  dressing  should  be 
replaced  as  soon  as  possible  by  one  that  can  be  removed — e.  g.,  one  that 
18  slit  up  in  front  and  provided  with  laces  (plaster  of  Paris,  plaster  and 
glne,  or  plaster  and  water  glass,  etc.),  or  by  a  wooden  splint,  in  order 
that  the  fractured  limb  may  be  massaged  daily  and  the  joints  moved. 
In  putting  on  the  hardening  dressing  great  care  must  be  taken  not  to 
apply  it  too  tightly.  Subsequently  the  fingers  and  toes  should  be  care- 
fully watched,  and  if  they  swell  or  become  bluish-red  or  oedematous,  if 
pain  or  a  feeling  of  numbness  occur,  the  bandage  has  been  applied  too 
tightly  and  must  be  immediately  removed.  Every  plaster-of-Paiis 
dressing,  whenever  it  is  possible,  should  be  again  carefully  inspecttnl 
wme  hours  afterwards  to  determine  whether  it  has  not  been  applied 
too  tightly.  Incurable  ischsemic  muscular  contractures  may  readily 
develop  within  a  few  hours  after  the  application  of  a  plaster-of -Paris 
dressing  which  is  too  tight  (see  page  569),  and  for  these  the  attending 
physician  can  be  held  legally  responsible. 

A  warning  should  be  given  against  the  too  prolonged  use  of  reten- 
tive dressings  and  the  rest  in  bed  which  this  entails,  because  of  the  bad 
effect  produced  upon  the  general  health,  the  atrophy  of  the  nmscles, 
tte  enforced  disuse  of  the  joints,  etc.     On  account  of  these  serious  pos- 
Bbilities,  and  particularly  on  account  of  the  danger  of  hypostasis,  old 
people  with  fractures  of  the  lower  extremities  must  often  be  allowed 
to  leave  their  bed  and  go  about  on  crutches  with  a  suitable  splint,  and 
with  a  raised  sole  on  the  shoe  of  the  sound  leg.     Recently  successful 
resnlts  have  been  obtained  by  allowing  all  patients  with  fractures  to 
iralk  about  with  suitable  splint  dressings,  and  by  avoiding,  for  the  above- 
mentioned  reasons,  the  treatment  with  dressings  which  require  a  long 
confinement  to  bed.     The  results  are  favourable,  the  time  required  for 
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anion  is  sbortened,  and  the  injurious  effect  of  confinement  in  bed  ojxm 
the  general  health  is  prevented.  Ambnktory  splints  are  also  tcijiim- 
fnl  in  military  surgery.  In  cases  vhere  it  is  not  advisable  to  emplo; 
ambulatory  splints  at  once,  the  patient  remains  in  bed  for  four  to  eight 
days,  using  ordinary  splints  or,  in  case  of  the  femur,  an  extension  spjnn- 
tus.  He  is  then  allowed  to  go  about  in  specially  constructed  portative 
splints,  SDch  as  a  Thomas  hip  splint  (Figs.  407  and  408).  Eraiu,  Bar- 
deleben,  and  others  apply  a  closely  fitting  plaster  splint  to  the  extremitT, 
which  is  bandaged  with  muslin  or  smeared  with  fat.  In  case  of  fnctnm 
of  the  fetnar  iron  bands  are  included  in  the  plaster  splint,  and  at  tin 
upper  end  of  the  latter  a  ring  of  plaster  is  applied  as  a  support  for  the 
tuberosity  of  the  ischium.    My  ambulatory  splints  are  very  Edrnplt 


under  the  sound  foot,  for 


I  either  use  plaster  or  plaster  and  water-glass  splints,  which  are  remo'- 
able^i.  e.,  they  are  slit  up  in  front  and  can  be  laced — or  else  cloee^l  i>U6- 
ter  or  plaster  and  wafer-glass  splints,  to  which  I  fasten,  either  at  ont-e  OT 
the  next  day,  an  iron  stirrup  for  walking  (Fig.  409).     The  stirrup  u  some 
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kutance  from  the  sole  of  the  foot,  and  if  a  raised  sole  is  used  on  the 
>tber  foot  the, patient  can  walk  about  very  comfortably.  This  etirrup 
ik)  acts  to  extend  the  leg  (Fig.  410).  In  injuries  and  diseaseB  of  the 
tup  the  pelvis  is  included  in  the  ambulatory  splint  (Fig.  411). 

TrMtmnit  of  Snbootaneoai  Fraotorei  involTuig  a  Joint— In  subcuta- 
otouB  fractures  involving  a  joint  special  care  must  be  taken  to  prevent  the 
itrelopment  of  anchylosis  or  a  partially  stiff  joint 
[contractures).  This  is  best  accomplished  by  the  use 
at  mutable  splints  or  a  plaater-of-Paris  dressing,  which 
should  be  frequently  changed — every  five  to  eight 
difs,  for  example — and  reapplied  after  altering  the 
pnition  of  the  joint  Massage  and  passive  motion 
Baj  be  combined  with  this — for  example,  at  every 
cbinge  of  dressing.    Extension  appliances  are  very 


bulalorj  apt 


of  plaster  witli  iron  Ktimip 
for  Injurieii  and  disewwa 

\mbulatory  aplint  of  the  hip  and  upper  end 

iron  atimip.  of  the  femur. 


teful,  and  may  be  employed  also,  as  Bardenheuer  has  recently  recont- 
ended.  for  fractures  of  the  upper  extremity  which  involve  joints.  If  it  is 
fficult  to  maintain  the  fragments  in  position  after  they  liave  been  reduced, 
'ey  may  be  fastened  together  by  aseptic  steel  nails  or  pins  (see  page  117). 

Trefttmont  of  Trsvinatlo  Separation  of  t^  Epiphysia.— For  securing  bony 
t»ion  after  traumatic  separations  of  the  epiphyses,  the  fragments  should  be 
'■■ectly  united  by  long  aseptic  steel  nails  or  pins  (Trendelenburg.  Bruns,  etc.). 
[elferich  has  recommended  long  steel  pins  attached  to  a  removable  handle, 
y  which  they  can  be  slowly  screwed  into  a  bone ;  they  can  be  used  for  both 
'ibcutaneouB  and  compound  epiphyseal  separations. 

Direct  Fixation  of  the  Fra^puenti  in  Simple  and  Compoond  Fractorea 
tySDtnring,  Vailing,  et& — In  all  subcutaneous  or  compound  fractures, 
*liere  it  is  difiicnlt  to  maintain  the  fragments  in  proper  position,  the 
voDoded  bone  surfaces  can  be  held  in  contact  by  sutures  of  silver  wire, 
)r,  better,  of  aluminium-bronze  wire,  by  nails,  ivor>'  pegs,  steel  pins, 
^msenbaner's  or  Parkhill's  clamps,  or  by  bone  rings  (Senn),  as  de- 
mbed  on  page  118  (Union  of  Bone  Surfaces).     In  this  category  belong 
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Malgaigne's  hooks  for  fracture  of  the  patella  and  Malgaigne'e  pin  for 
fracture  of  the  tibia — instraments  which  are  scarcely  ever  used  at 
present.  If  nails  are  to  be  used  to  secure  fixation  of  the  bones,  long 
four-cornered  steel  ones  should  be  employed.  These  are  polished, 
boiled  for  fifteen  minutes  in  a  one-per-cent.  soda  solution,  heated  red- 
hot,  and  placed  in  a  ten-per-cent.  solution  of  carbolic  acid  in  glycenDC, 
after  which  they  are  perfectly  sterile.  After  the  bones  have  been 
nailed  together  they  are  securely  immobilised.  The  wounds  in  com- 
pound fractures  are  not  sutured,  but  packed  with  sterilised  gauze.  The 
hails  are  removed  about  the  beginning  of  the  fourth  week. 

The  Treatment  of  Compound  Fracturet. — The  treatment  of  com- 
pound fractures  has  been  totally  changed  by  the  antiseptic  method 
of  treating  wounds,  and  the  results  which  we  now  obtain  are  very 
satisfactory.  Typical  cases  of  compound  fracture  which  run  an  asep- 
tic course  heal  without  pain  and  without  fever ;  the  discharge  from 
the  wound  is  slight,  and  we  are  certain  of  being  able  to  prevent  suppu- 
ration. The  splints  used  are  in  general  the  same  as  in  simple  fractures, 
particularly  fenestrated  plaster  splints,  and  the  ambulatory  splints  de- 
scribed on  page  620. 

The  technique  of  the  antiseptic  treatment  of  the  wound  varies  with 
the  kind  of  case.  For  this  reason  we  distinguish  three  classes  of  cases: 
1.  The  perfectly  fresh  fractures  in  which  the  wound  is  the  result  of » 
perforation  of  the  skin  by  a  fragment.  2.  The  ordinary  severe  cases 
of  compound  fracture.  3.  The  compound  fractures  which  are  not 
recent  and  have  already  become  infected. 

1.  Treatment  of  Fresh  Fractures  with  TraiLsflzion  of  the  Skin  l^i 
Fragment — The  antiseptic  management  of  a  perfectly  fresh  fracture 
complicated  with  a  perforation  of  the  skin  by  a  fragment  is  as  follows: 
We  will  suppose  that  we  have  to  deal  with  a  fracture  accompanied  by 
only  a  small,  still  bleeding  cutaneous  wound,  similar  to  a  punctured 
wound :  that  the  case  comes  under  observation  immediatelv  or  within 
a  few  hours  after  the  reception  of  the  injury ;  that  there  is  no  large 
extravasation  of  blood  present ;  that  the  bone  is  simply  broken,  and  not 
splintered  ;  and  that  no  infection  has  occurred.  In  such  cases  enlarge- 
ment of  the  wound  and  drainage  can  be  omitted.  After  disinfection 
of  the  wound  and  surrounding  parts,  as  described  in  §  6  and  §  32,  the 
wound  is  covered  with  an  aseptic  dressing,  such  as  sterilised  gauze, 
folded  together  into  several  layers,  and  cotton,  wool,  or  pads  filled 
with  moss.  Should  the  wound  have  become  closed  by  a  dried  blood- 
clot  and  no  indications  of  infection  ])e  present,  this  scab  can  be  left  un- 
distiirl>ed  and  the  fracture  allowed  to  heal  under  it.  A  plaster-of-Pans 
dressing  can  then  be  immediately  applied  over  the  aseptic  dressing. 
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This  aseptic  plaeter-of- Paris  occlusive  dreseing  is  left  in  piat-e,  if  no 
fever  or  pain  in  the  wouuti  occurs,  foi-  two  or  three  weeks  longer,  until 
the  wound  has  healed,  and  is  then,  if  necessary,  replaced  by  a  simple 
piaster- of- Paris  dressing  until  complete  cuuKolidation  of  the  fracture 
has  taken  place.  This  aseptic  plaster-of- Paris  occlusive  dressing  has 
lieen  recently  very  mnch  employed  for  fresh  compound  fractures  with 
small  wounds,  and  also  in  the  treatment  following  osteotomies  of  the 
rhachitic  extremities  of  children.  Bergmann,  Reylier,  and  others  ob- 
tained brilliant  results  in  tlie  Turko-Rnssian  War  with  this  same  form 
of  dressing,  even  in  such  injuries  as  gunshot  wounds  of  the  knee. 
The  method  is  not  suitable  for  severe  compound  fractures  with  exten- 
sive wounds  of  the  soft  parts,  nor  for  cases  which  are  not  perfectly 
fresh  when  they  come  for  treatment. 

The  opinions  of  surgeons  still  differ  as  to  whether  the  aseptic  occlu- 
sion carried  out  in  the  manner  above  described  should  likewise  be  used 
for  fresh  comminuted  fractures  with  a  small  cutaneous  woutid,  or 
whether  the  wound  should  be  enlarged  and  the  splintere  extracted. 
At  all  events  the  hrilliant  results  obtained  by  Bergmann  and  Reyher 
in  the  Tnrko-Russian  War  show  that  the  primary  extraction  of  the 
fragments,  formerly  so  much  insisted  upon  in  eomminutetl  fractures,  is 
not  always  necessary;  that  the  above -described  simple  aseptic  occlu- 
sion, without  enlarging  the  wound  and  without  extraction  of  the  frag- 
ments, gives  even  here  excellent  results ;  and  that  the  splinters,  though 
very  nnmerous,  are  capable  of  healing  up  completely  in  the  wound, 
provided  the  latter  runs  an  aseptic  course.  If  the  wound  suppurates, 
the  splinters  of  hone  will  then  not  heal  in  and  will  hare  to  be  removed. 

2.  Tlie  AntiHptic  Hanagement  of  Severe  Compound  Fractnrea,  with 
extensive  injury  to  the  soft  parts,  likewise  consists  in  a  thorough  disin- 
fection of  every  portion  of  the  wounded  surface  and  of  the  surround- 
ing parts  to  a  considerable  distance  from  the  wound.  If  the  opening 
is  not  large  enough  to  permit  of  careful  examination  or  disinfec- 
tion of  the  entire  wound  cavity,  it  should  be  enlarged  with  the  knife, 
using  for  the  extremities  an  Esmarch  bandage.  The  point  of  frac- 
ture is  inspccteil,  and  the  entire  cavity  of  the  wound  is  energetically 
irrigated  with  a  one-ten th-per-cent.  solution  of  bichloride  of  mercury, 
crushed  shreds  of  tissue  are  cut  off  with  the  scissors  ftn<l  forceps,  the 
haemorrhage  carefully  arrested,  foreign  bodies,  bullets,  et<',,  are  removed, 
and  long,  deep  pockets  under  the  skin  or  deeper  j>arls  are  slit  open.  If 
necessary,  the  fragments  may  he  drawn  out  of  the  wound  with  sharp 
hooks  or  bone  forceps,  to  render  it  possible  to  systematicjilly  examine 
and  disinfect  them  and  the  soft  parts  lying  Itehind  them.  Counter- 
openings  are  made  for  the  admisBion  of  short,  large-sized  drainage  tut>e» 
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to  the  most  deeply  lying  parts,  and  every  niche,  every  recess  in  the 
wound,  and  every  pocket,  should  be  carefully  drained  or  slit  open.  The 
deep  drains  should  always  extend  to  the  cleft  in  the  bone,  but  shonld 
not  lie  between  the  fragments.  Packing  the  wound  with  iodoform 
gauze  or  sterilised  mull  supplies  excellent  drainage.  K  spUutere  are 
present,  all  those  which  are  entirely  loose  and  dead  should  be  removed, 
while  those,  on  the  other  hand,  which  are  still  alive  and  attached  to 
the  periosteum  should  be  retained,  and,  if  displaced,  returned  to  their 
normal  position.  Projecting  points  on  the  fragments  which  interfere 
with  reduction  should  be  removed  with  the  bone  forceps  or  saw.  If 
it  is  difficult  to  maintain  the  fragments  in  position  after  their  redac- 
tion, they  may  he  secured  in  their  normal  situation  by  sutures  through 
the  ends  of  the  bone,  or  by  nailing  them  together  a^epticallj  (gee 
page  621). 

After  the  wound,  with  all  its  recesses,  has  been  very  carefully  dis- 
infected and  drained,  we  proceed  to  insert  the  sutures,  providwi  the 
case  Is  one  suited  for  primary  union.  I  believe  it  is  wiser  not  to  suture 
wounds  of  this  kind,  but  to  leave  them  open  and  pack  them  with  iodo- 
form gauze  and  sterilised  mull,  over  which  is  placed  an  antiseptic  pro- 
tective dressing. 

Eesection  of  the  Broken  Ends. — Formerly,  in  the  case  of  compound 
comminuted  fractures  of  the  long  hollow  bones,  the  splintered  ends  of 
the  bone  were  frequently  removed  (so-called  resection  in  contiuuitvl 
This  primary  resection  immediately  after  the  injury  is  only  applicable 
to  the  most  severe  cases.  If,  during  the  subsequent  course  of  com- 
pound comminuted  fractures,  necrosis  of  the  broken  ends  takes  place, 
then  secondary  resection  of  the  fragments  is  indicated  to  obtain  more 
rapid  healing. 

Treatment  of  Compound  Fractures  of  Jointa. — If  we  have  to  deal  with 
a  compound  fracture  of  a  joint,  we  proceed  according  to  the  same  prin- 
ciples— i.  e.,  the  joint  is  exposed  by  a  sufficiently  long  incision,  carefully 
disinfected,  and  drainage  provided  for.  When  necessary,  we  also  re- 
move any  crushed  fragments  of  bone,  extract  the  free  splinters,  or,  in 
the  severest  cases,  perform  total  resection  of  the  articular  ends  of  the 
bones.  Speaking  generally,  resection  in  compound  fractures  of  a  joint 
is  governed  by  the  following  principles  (see  §  40) :  Primary  resection  is 
indicated  in  fresh,  non-infected,  extensively  comminuted  fracture* of 
the  articular  ends  of  the  l)one6,  accompanied  by  great  injury  to  the  soft 
parts.  Compound  fractures  involving  a  joint  with  only  a  small  cuta- 
neous wound,  after  careful  disinfection  of  the  latter,  should  l>e  treated 
at  first  as  tliouorji  the  fracture  were  subcutaneous.  If  the  attempt  faik, 
and  inflammation  or  suppuration  of  the  joint  with  fever  comes  on,  then 
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aHhrotomy  should  be  performed — i.  e.,  the  joint  is  opened  freely,  the 
incture  exposed,  carefully  disinfected,  and  drained.  Not  infrequently, 
mder  these  conditions,  fixation  of  the  fragments  by  sutures  or  nails 
renders  excellent  service.  Whether  a  typical  resection  of  the  broken 
articular  extremities  should  be  performed  depends  upon  the  chai'acter 
and  severity  of  the  injury  to  the  bone  and  the  extent  of  suppuration  or 
infection.  At  all  events,  resection  is  indicated  when  fever  and  local 
inflammation  continue  after  arthrotomy  and  drainage  of  the  joint,  and 
when  there  is  a  probability  of  a  severe  infection  of  the  wound  of  the 
bone  having  taken  place. 

Subaequent  Treatment  of  Compound  Fracturesw — The  rest  of  the  treat- 
ment of  compound  fractures  depends  upon  their  subsequent  behaviour. 
In  the  most  favourable  cases,  running  a  course  free  from  fever,  the 
firet  dressing  is  left  in  place  six  to  eight  to  ten  to  fourteen  days  and 
then  changed,  and  at  the  same  time  any  drains,  sutures,  or  tampons  are 
removed.  If,  on  the  other  hand,  fever  should  occur,  or  the  patient 
complain  of  pain  in  the  wound,  the  dressing  should  be  immediately 
changed  and  the  wound  and  parts  surrounding  it  carefully  examined 
for  the  presence  of  retained  discharges,  which  should  be  immediately 
let  out  by  an  incision.  The  granulating  wound  should  also  be  treated 
strictly  according  to  antiseptic  principles,  and  a  closed  or  fenestrated 
plaster  splint,  or  one  of  the  modifications  given  under  §  54,  applied  un- 
til the  wound  has  become  covered  with  skin.  We  cover  large  granulat- 
ing surfaces  with  skin  by  Thiersch's  method  of  skin  grafting.  When 
the  wound  has  healed,  a  closed  plaster  splint  is  applied,  if  necessary, 
imtil  consolidation  of  the  fracture  is  complete. 

3.  Treatment  of  Fractures  which  are  not  Fresh  and  have  become 
Septic. — We  count  all  cases  as  not  "  fresh  "  which  come  under  obser- 
vation twenty-four  to  forty-eight  hours  after  the  injury,  with  already 
cxirting  local  inflammatory  changes  in  the  wound.  Of  course,  the 
^laraeter  of  these  cases  varies  greatly,  according  to  the  severity  and 
ittture  of  the  reaction  which  is  present  in  the  wound.  If  the  reaction 
in  the  wound  is  slight,  an  aseptic  course  of  repair  may  not  infrequently 
l)e  obtained  by  energetically  disinfecting,  enlarging,  and  draining  the 
>ound  and  then  applying  an  antiseptic  occlusive  dressing.  Packing 
the  cavity  of  the  wound  with  iodoform  gauze  or  sterilised  mull,  and 
emitting  all  sutures,  is  a  procedure  particularly  applicable  for  such 
ttaes. 

In  other  instances,  again,  the  reaction  in  the  wound   will  have 

llready  become  very  marked.     There  is  pronounced  decomposition 

and  putrefaction  of  the  discharges,  and  the  crushed  soft  parts  and  cel- 

/nlar  tissue  are  gangrenous,  and  saturated  with  the  products  of  decom- 
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position.  THe  suppuration  and  putrefaction  which  are  present  areoo 
longer  limited  to  the  wound,  but  have  begun  to  spread  progresgiVelv. 
Xot  infrequently  there  is  such  a  large  accumulation  of  putrefactife 
gases  that  a  pronounced  gaseous  infiltration  (emphysema)  takes  pla(;e. 
Even  in  such  unfavourable  cases  of  pronounced  sepsis  a  vigoroDs  disin- 
fection of  all  the  septic  tissues  should  be  undertaken  and  incisions 
made  in  great  numbers.  We,  of  course,  avoid  applying  the  ordinaiy 
closed  protective  dressings  which  exert  pressure,  and  content  ourselves 
with  energetic  disinfection  of  the  wound,  covering  it  with  sterilised 
gauze  or  iodoform  gauze,  or  employing  permanent  antiseptic  irrigation 
(see  page  181).  As  long  as  the  treatment  lasts  it  is  exceedingly  impor- 
tant to  keep  the  extremity  in  an  elevated  position  and  the  fragments w 
securely  immobilised  as  possible.  When  the  wound  has  become  aseptic 
and  is  granulating,  we  cover  it  with  iodoform  gauze  and  cotton  and 
immobilise  the  fragments  by  a  suitable  splint,  or  by  a  fenestrated  or 
interrupted  plaster-of-Paris  dressing.  The  treatment  of  compound 
fractures  which  have  become  infected  demands  much  patience  and 
care,  and,  above  all,  experience.  It  is  very  important  to  note  the  be- 
haviour of  the  temperature  by  means  of  the  constant  use  of  the  ther- 
mometer, and  to  recognise  any  retention  of  discharges  at  the  earliest 
possible  moment  and  to  let  them  out  by  incisions. 

Indications  for  Amputation  and  Diflartioulation.— In  what  cases  of  com- 
pound fracture  should  amputation  or  disarticulation  of  the  injured  limb  be 
performed  ?  Immediate  amputation  or  disarticulation  of  the  injured  limb 
directly  after  the  reception  of  the  injury,  or  within  the  first  twenty-four  to 
forty -eight  hours,  before  the  reacticm  in  the  wound  sets  in,  is  only  indicated 
in  cases  of  very  severe  crushing  of  the  bone  with  extensive  injury  to  the 
soft  parts  (primary  amputation).  With  the  aid  of  the  antiseptic  method  of 
treating  wounds  we  are  enabled  to  carry  out  conservative  treatment  success- 
fully in  cases  where  formerly  preservation  of  the  injured  limb  would  hare 
been  impossible.  The  opening  of  a  large  joint  or  injury  of  large  arteriesand 
nerves  do  not  in  themselves  indicate  primary  amputation,  though  it  should 
be  immediately  performed  if  the  soft  i)arts.  muscles,  vessels,  and  nerves  are  so 
extensively  lacerated  and  crushed  that  preservation  of  the  limb  is  impossible 
or  gangrene  is  sure  to  follow.  The  decision  as  to  whether  amputatioo 
should  be  immediately  performed  or  not  is  not  always  easy.  After  having 
determined  upon  amputation,  we  i)erform  it  through  sound  tissues  which 
have  not  been  crushed,  and  take  the  greatest  care  to  avoid  fashioning:  the 
Haps  wliicli  are  to  cover  the  amputation  wound  from  the  contused  portions 
of  skin  or  tliose  portions  that  liave  been  torn  loose  from  the  underlying:  parts^ 

Amputation  is  also  indicated  in  the  case  of  many  infected  compound 
fractures  wlien   tlie  local  wound  infection,   the  suppuration,  putrefaction, 
etc.,  have  become  so  extensive  as  to  render  preservation  of  the  limb  impos- 
sible, or  when  severe  manifestations  of  general  septic  infection  make  their 
appearance.     In  such  cases  we  amputate — in  other  words,  we  remove  the 
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source  of  infeotion  in  order  to  save  the  life  of  the  patieiil.  Delny  in  such 
cases  is  dangerous,  and  thb  sooner  amputation  is  performed  in  the  presence 
of  high,  septic  fevpr,  the  better  is  the  prospect  of  recovery.  In  the  later 
stages  of  compound  fractures  amputation  is  indicated,  especially  when  there 
ia  extensive  suppurative  inflammation  of  the  medulla  of  thi^  bone  or  of  the 
joints,  or  when  the  patient  is  in  dan^vr  of  exhaustion  from  severe  suppura- 
tion, etc.  Briefly  speaking,  we  amputate  when  the  condition  of  the  extrem- 
ity is  such  that  healing  cannot  be  expected  from  conservative  treatment 

After-treatment  of  FraotnreB, — Tlie  after-treatment  is  directed  prin- 
cipally tuwardri  tlie  disturbances  in  nutrition  which  occur  in  the  soft 
parts,  particularly  the  skin,  muscles,  and  joints.  Very  often  no  special 
after-treatment  is  necessary  when  consolidation  of  the  fracture  is  com- 
pleted. Massage,  diligent  exercise  of  the  muscles,  and  active  and 
passive  motion  of  the  joints  will  usually  soon  remedy  the  muscular 
weakness  and  tLe  stillness  of  the  joints,  and  tbe  sooner  tbese  measures 
are  adopted  tiie  better,  A  warniug  should  be  given  against  the  too 
protracted  use  of  retentive  dressings  for  fractures,  on  account  of  tlie 
atrophy  of  tiie  nmscies  and  the  dieturliances  in  the  functions  of  the 
joints  which  they  cause.  In  the  case  of  old  people  particularly  it  in 
often  necessary  to  give  up  the  confinement  to  bed  because  of  the  threat- 
ening hypostasis  or  disturbance  of  the  general  lieatth,  and  to  jiermit 
them  to  move  about,  even  with  fractures  of  the  lower  extremity,  in 
ambulatory  splints  (see  jiages  fi20  and  021 1.  In  proper  cases,  such  as 
in  fractures  of  the  radius  with  the  ulna  intact,  or  of  the  fibula  with 
the  tibia  intact,  massage  can  be  done  at  a  very  early  period^ — within 
tlie  first  or  second  week,  for  instance— and  a  more  rapid  recovery 
will  thus  be  obtained.  Of  course,  the  above-mentioned  fractures  must 
be  immobilised  a  long  enough  time— two  to  three  weeks  at  least — by 
proper  splints.  Baths  and  rubbing  with  alcohol  are  also  of  use.  If 
there  is  much  oeileraa,  particularly,  for  example,  in  the  case  of  the 
lower  extremity,  the  latter  should  he  enveloped  in  a  tight  flannel 
iMindage,  or  retentive  dressings  which  can  lie  readily  removed  should 
be  applied  (Figs.  225,  232).  If-n  long  time  has  elapsed  since  consoli- 
dation of  a  fracture  of  an  extremity,  and  if  the  stiffness  of  the  joints 
and  atrophy  of  the  muscles,  owing  to  lack  of  energy  on  the  part  of  tlie 
patient  or  physi'ian,  have  become  very  pronounc&l,  it  is  all  the  more 
difficult  to  restiire  the  normal  function.  In  such  cases  it  is  sometimes 
best  to  repeatedly  ansesthctiee  the  patients  for  the  purpose  of  moving 
the  joints  and  ]>erforniing  vigorous  massage.  It  is  in  just  these  cases 
that  massage  not  infrequently  yields  most  brilliant  results.  In  these 
old  cases,  where  motion  is  impaired  and  there  are  contractures  and 
muscular  atrophy,  methoilical  exercises  by  means  of  the  mechanical 
apptiauces  in  the  orthopfedic  institutes  are  exceedingly  ralnablo.    If  we 
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have  to  deal  with  ischsemic  coDtractures  and  paralyses,  they  should  be 
treated  according  to  the  rules  mentioned  on  page  570. 

Treatment  of  the  Complication«. — The  treatment  of  tlie  abovemen- 
tioned  complications  is  described  in  previous  paragraphs — shock  in  §  63, 
delirium  tremens  in  §  64,  infectious  diseases  of  wounds  in  §§  66-T5, 
and  gangrene  in  §  100,  etc. 

Treatment  of  Delayed  Callus  Formation  and  Piendarthrosi&— For 
these  conditions  the  following  methods  are  particularly  valuable :  1. 
Rubbing  together  the  ends  of  the  bones  (Celsus),  according  to  Karmi- 
low,  was  successful  only  forty  times  in  four  hundred  and  thirty  cases. 
In  this  method,  which  is  suited  more  for  cases  with  delayed  callus  for- 
mation, the  fragments  are  rubbed  together  daily  until  a  sufficient  local 
reaction  has  set  in  and  the  point  of  fracture  is  tender  on  pressure.  A 
plaster-of- Paris  dressing  is  then  applied.  Patients  with  fracture  of  the 
lower  extremity  can  be  allowed  to  move  about  in  a  retentive  dressing 
for  the  purpose  of  maintaining  an  inflammatory  irritation  at  the  point 
of  fracture.  These  ambulatory  splints  often  bring  about  a  prompt 
result.  2.  Artificial  increase  of  bone  formation  by  the  production  of 
a  venous  hypersemia  at  the  point  of  fracture  by  tying  off  the  extrem- 
ity on  the  proximal  side  of  the  fracture  with  a  rubber  tourniquet  drawn 
moderately  tight.  In  order  that  the  hyperaemia  may  be  localised  at  the 
point  of  fracture  the  extremity  above  and  below  it  can  be  enveloped  in 
a  bandage  (Dumreicher,  Helferich,  etc.).  The  procedure  can  be  com- 
bined with  the  application  of  a  plaster  or  other  kind  of  splint,  and  it  is 
here  also  a  good  plan  to  permit  patients  with  fracture  of  the  lower 
extremity  to  move  about  in  a  proper  dressing.  3.  Le  Fort  has  snc- 
cessfully  employed  electrolysis — i.  e.,  two  platinum  needles  connected 
with  a  constant  battery  are  stuck  into  the  false  joint.  The  needle 
fastened  to  the  positive  pole  is  kept  in  one  place,  while  that  fastaed 
to  the  negative  pole  is  introduced  repeatedly  at  several  different  points. 
4.  The  employment  of  various  other  means  of  irritation  has  been  aban- 
doned (irritation  of  the  skin,  subcutaneous  injections  of  irritating 
chemical  liquids,  etc.).  Nevertheless,  Mikulicz  has  used  oil  of  tur- 
pentine with  excellent  results.  After  making  a  longitudinal  incision 
through  the  soft  parts  and  periosteum,  the  latter  is  freed  from  almost 
the  entire  circumference  of  the  bone  with  the  raspatory  to  a  distance 
of  about  ten  centimetres  from  the  point  of  fracture,  and  ganze  satu- 
rated with  oil  of  turpentine  is  placed  between  the  bone  and  periosteum 
and  changed  every  three  to  five  days  until  the  wound  has  healed.  ^ 
yet,  Berginann  has  seen  no  case  of  pseudarthrosis  cured  by  the  oW-oi' 
turpentine  treatment.  5.  Irritation  of  the  ends  of  the  lx)nes  by  driv- 
ing ivory  pegs  into  them  (Dieffenbach)  is  performed  in  the  following 
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manner :  After  tlie  soft  parts  above  and  t)elow  the  point  of  fracture 
liave  l>een  divideil  with  the  knife,  boleg  are  bored  in  the  hone  with  a 
drill,  and  one  or  two  ivory  pegs,  according  to  the  size  of  the  bone,  are 
driven  into  each  fragment.  The  extremity  is  then  encased  in  a  plaster 
dressing,  which  may  be  fenestrated  or  not.  The  ivory  pegs  are  allowed 
to  remain  two  to  three  weeks  or  longer.  Karniilow  states  that  the  pro- 
cedure when  applied  to  the  thigh  and  arm  haa  been  successful  in  43.5 
per  cent,  of  tlie  cases,  while  for  tlie  leg  and  forearm  the  number 
of  cures  has  amounted  to  eighty  jier  cent.  Instead  of  ivory  pegs, 
Riedinger  has  recommended  bone  pegs,  which  are  capable  of  becom- 
hig  firmly  adherent  to  the  bones. 

If  the  procedures  liitherto  described  do  not  prove  successful,  there 
is  nothing  left  but  to  expose  the  false  joint  with  the  knife,  to  freshen 
the  ends  of  the  bones,  to  resect  them,  and  then,  when  necessary,  to 
fasten  them  together  by  sutures  of  catgut,  sterilised  silver  wire, 
aluminium-bronze  wire,  silkworm  gut,  or  by  nails.  The  ends  of  the 
bones  can  be  freshened  by  resecting  them  in  the  form  of  steps  and 
thus  fitting  them  togethpr ;  or  the  pointed  end  of  one  fragment  can  be 
introduced  into  the  medullary  cavity  of  the  other  (see  pajje  US.  Fig. 
111).  Exposure  of  the  false  joint,  followed  by  freshening  the  ends  of 
the  hones  and  uniting  them  with  sutures  or  nails,  is  the  safest  method 
of  treating  all  false  joints  of  long  standing,  and  if  carried  out  with 
antiseptic  precautious  it  is  entirely  free  from  danger.  For  nailing  the 
bouea,  we  use,  as  was  said  before,  lung,  four-cornered  steel  nails,  which 
are  rendered  perfectly  sterile  hy  polishing,  boiling  for  fifteen  minutes 
in  a  one-per-cent.  soda  solution,  heating  red-hot,  and  storing  in  a 
ten  per-cent  solution  of  carbolic  acid  in  glycerine.  After  nailing 
the  bones  together,  an  antiseptic  protective  dressing  is  placed  over 
the  wound,  which  is  left  o]>en,  and  a  plaster  dressing  is  applied  on 
the  outside.  The  nails,  which  should  protrude  for  a  siiflicient  dis- 
tance from  the  soft  parts,  are  removed  at  the  end  of  the  third  or 
beginning  of  the  fourth  week.  Instead  of  nails,  long  steel  pins  can 
ho  used  in  snitabte  cases,  or  Gussenhauer's  clamps,  or  metallic  or  bone 
rings. 

If  a  considerable  loss  of  suhetance  has  occurred  in  one  of  the  two 
hones  of  the  forearm  or  leg,  we  may  either  chisel  out  of  the  other 
bone  a  piece  corresponding  in  size  to  the  defect,  and  cause  the  ends 
of  the  h'lnea  to  unite,  with  a  corresjH>nding  amount  of  shortening, 
or  the  defect  tnay  be  repaire<l  by  one  of  the  usual  methods  of  osteo- 
plasty (see  pages  607  and  61l>).  In  one  case  of  loss  of  suhsttuice  in 
the  tibia  Ilahn  successfully  implanted  the  lower  portion  of  the  fibula 
into  the  upper  fragment  of  the  tibia.      Quenu,  Thiriar,  and   others 
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hare  sncceBsfiilly  employed  aluminiam  splints  for  peeadarthro^ ;  tbej 
were  on  the  average  ten  centimetres  in  length,  and  were  fastened  enb- 
perioBteallj  by  four  to  six  screws.  Bony  anion  was  obtained  in  five 
cases,  and  in  three  of  these  every  other  method  of  operative  trestment 
had  been  unsuccessful.  In  two  cases  the  splint  healed  in  permaDeDtlT, 
and  in  three  it  had  to  be  removed. 

The  internal  administration  of  lime,  or,  what  is  better,  of  phos- 
phorus (Wtigner),  has  been  recommended  for  peeodarthroeis.  Any 
constitutional  or  local  anomaly  which  may  be  present  must  alware,  of 
course,  be  taken  into  consideration. 

If  all  methods  of  treatment  prove  unsuccessful,  care  must  be  tak«ii 
to  alleviate  the  disturbance  of  function,  as  far  as  possible,  by  a  suitable 
splint  api»aratus.  If  the  peripheral  portion  of  the  limb  has  become « 
atrophic  and  fiail-like  as  to  render  the  wearing  of  a  supporting  appli- 
ance scarcely  possible,  amputation,  particularly  if  it  is  the  lower  extrem- 
ity which  is  involved,  is  indicated. 

The  EronoD  of  an  Irory  Peg  whioli  fau  been  diiTsit  into  a  Bnu.— Itii 

well  known  that  ivorj  pegs  which  have  been  driven  into  a  bone  bteoat 

rouf;hen«d  and  appear  as  though  portions  of  their  surface  had  been  ^ned 

away  CFig- 412).    Polynuclw 

giant  cells  are  found  in  iIk 

small  cavities,  and  the  samt 

osteoclasts  which  are  pre^nl 

during  the  normal  proceaid 

bone  absorption.    The  csu» 

of  this  lacunar-bone  absu}' 

tion  IS  i>artly  to  be  ascribed 

to  the  action  of  an  acid  and 

partly  to  the  pressure  of  it* 

vessels  and   the  cells  of  ti" 

,  ' '  surrounding  tissues.    I  hai 

Fx..  41:;.-Ero,l.n  (.:■  .f  «„  ivory  p«g  by  th«  .ctioE  of      s''«"'>  <''«*  >*  «  probabl.Vlbe 

o»rtH,jiit  ut-id.  carbooic  acid  which,  in  s'c'" 

nascendi,  during  the  niet«l"> 

lism  of  the  tissues,  sets  free  the  lime  in  the  ivory  peg.  and  that  then  the  dfcal- 

cified  ground  substance  which  is  left  behind  is  dissolved  by  the  alkniiii^ 

fluids  in  the  tissues  (see  page  583). 

The  Treatment  of  Fiactnrea  which  have  healed  with  DefermitT-' 
Deforiiiitv  in  the  healing  of  a  fracture  should  be  preventetl  by  careftJ 
supervision  of  the  point  of  fracture,  or,  in  other  words,  of  the  posirii* 
of  the  fragments  while  the  process  of  healing  is  going  on.  The  spli"'' 
should  be  changed  too  often  rather  than  too  infrequently.  If  a  frsf- 
ture  hciiLs  with  eo  marked  a  displacement  as  to  produce  serious  disturb- 
ance of  fiinctiou,  the  bones  should  either  be  refractured,  or  the  fooA 
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of  fracture  exposed,  chiselled  through,  and  the  ends  of  the  bones  then 
reunited  in  a  good  position.  Those  cases,  as  a  general  thing,  are  least 
amenable  to  treatment  which  have  healed  with  considerable  dislocatio 
cdhngitudinem.  The  bones  are  broken  under  chloroform  ansesthesia 
either  by  hand  or  by  some  special  apparatus.  The  instruments  used 
for  directly  fracturing  the  bones  are  called  osteoclasts ;  the  ones  invented 
byRizzoli  and  by  Collin  and  Robin  are  very  useful  (see  page  91).  The 
open  division  of  fractures  which  have  healed  with  deformity  is  carried 
ont  by  making  an  incision  through  the  soft  parts,  thus  exposing  the 
points  of  fracture,  and  then  dividing  the  bone  with  the  hammer  and 
chisel  (osteotomy).  The  bone  is  not  chiselled  entirely  through,  but  a 
small  portion  is  left,  which  is  broken  by  hand.  When  necessary,  a 
wedge-shaped  piece  must  be  chiselled  out  of  the  deformed  bone.  Os- 
teotomy of  the  bone  is  absolutely  free  from  danger  if  the  rules  of  asep- 
sis are  carefully  observed.  The  wound  is  not  sutured,  but  left  open 
and  packed  with  sterilised  gauze,  and  directly  over  the  protective  dress- 
ing a  plaster  splint  is  applied,  which  is  left  in  place  until  the  wound 
has  healed,  though  it  is  changed  earlier  if  there  is  need  of  doing  so.  In 
cases  of  considerable  shortening  from  mal-union  of  a  fracture,  the  use 
of  extension  by  a  weight,  after  performing  osteotomy,  is  very  much  to 
be  recommended.  Badly  united  fractures  of  the  femur,  for  instance, 
occurring  in  adults  and  accompanied  by  much  shortening,  sometimes 
require  powerful  extension  (by  a  weight  amounting  to  twenty  to  twenty- 
five  to  thirty  pounds),  and  surprisingly  good  results  may  be  obtained, 
•8  both  Schede  and  myself  have  observed.  Under  certain  circum- 
stances Schede  recommends  increasing  the  weight  used  for  extension 
in  the  ease  of  adults  to  as  much  as  forty  pounds. 

Moritz  and  Meyer  have  used  the  electric  current  with  success  for 
exuberant  callus  (callus  luxurians). 

§  102.  Contufltons  and  Wounds  of  Bone.— If  a  bone  is  crushed  by  a 
blow  from  a  blunt  object,  we  have  es])eeially  to  consider,  in  addition  to 
Ae  contusion  of  the  bone  substance,  the  injury  to  the  overlying  soft 
Pftrts,  the  skin,  the  subcutaneous  cellular  tissue,  and  the  periosteum. 
The  course  of  contusions  of  the  soft  parts  is  described  in  §  92.  Con- 
tnsions  of  periosteum  lead  to  a  greater  or  less  extravasation  of  blood 
^to  and  particularly  beneath  the  periosteum,  which  is  called  a  haema- 
toma  of  the  periosteum.  These  periosteal  and  subperiosteal  extravasa- 
tions of  blood  usually  terminate  by  being  gradually  absorbed.  Not 
infrequently  there  develops,  at  the  point  where  the  periosteum  has 
been  contused,  a  traumatic,  ossifying  periostitis,  in  consequence  of 
^hich  the  bone  becomes  temporarily  thickened. 

The  anatomical  changes  which  occur  in  contusions  of  bone  tissue 
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proper  consist  in  a  more  or  less  pronounced  compression  or  splintering 
of  the  bone  substance,  such  as  happens  after  a  thrust  or  blow,  and  to  a 
marked  degree  in  every  fracture.  In  the  medullary  cavity  an  extrava- 
sation of  blood  is  found  proportionate  in  extent  to  the  amount  of  vio- 
lence exhibited.  As  is  the  case  with  fractures,  the  course*  of  contudoDs 
of  the  periosteum,  bone,  and  medullary  tissue  depends  mainly  upon 
whether  an  external  wound  is  present  or  not.  Only  in  the  most  ex- 
ceptional instances  of  subcutaneous  contusions  of  bone  do  inflammatory 
or  suppurative  processes  occur,  and  when  they  do  it  is  owing  to  the 
deposit  of  micro-organisms  from  the  blood  in  the  contused  portions  of 
bone  and  medullary  tissue,  or  to  the  extension  to  the  deeper  i)arts  of 
inflammatory  processes  beginning  in  the  contused  skin.  Primarr  acnte 
infectious  osteomyelitis  is  probably  sometimes  caused  by  such  a  contu- 
sion of  the  medullary  and  cortical  tissue.  It  is  a  well-known  fact  that 
tuberculosis  may  originate  from  some  slight  contusion  of  the  bone, 
particularly  in  the  case  of  children,  for  the  reason  that  the  tubercle 
bacillus  finds  in  contused  tissues  and  extravasations  of  blood  conditions 
which  are  favourable  to  its  development.  The  vascular  arrangement 
in  the  medulla  is  such  that  solid  impurities  in  the  blood  readily  become 
deposited.  The  inflammation  of  bone  to  which  mother-of-pearl  tumere 
are  subject  is  an  instance  of  this  (see  page  642). 

The  treatment  of  subcutaneous  contusions  of  periosteum  and  bone 
consists  at  first  in  placing  the  injured  part  in  a  suitable  (elevated)  pod- 
tion,  in  the  application  of  ice,  and  later  in  employing  massage  to  pro- 
mote absorption  of  the  blood  extravasated  in  the  periosteum  and  eoft 
parts.  Inflammatory  complications,  suppuration,  etc.,  are  treated  ac- 
cording to  the  general  rules  laid  down  in  §§  68-71. 

Open  Wounds  of  Bone. — The  open  wounds  of  bone  have  lost  the 
danger  that  used  to  attend  them  before  the  introduction  of  the  antisep- 
tic method  of  treating  wounds.  By  the  latter  means  all  infection  is 
avoided,  and  even  deep  wounds  which  penetrate  into  the  medullaiy 
cavity  heal  without  complications.  The  most  common  wounds  of  bone 
are  those  occurring  in  fractures.  True  wounds  of  bone  are  such  as 
are  caused  by  a  blow,  or  a  thrust  with  a  sabre,  knife,  axe,  etc  In  con- 
sequence of  this  violence  there  may  be  produced  in  the  skull,  for  ex- 
ample, the  fissures  or  cracks  mentioned  under  Incomplete  Fractures, 
which  divide  the  bone  either  partially  or  completely.  On  the  extremi- 
ties, particularly  the  fingers,  complete  division  of  the  bone  and  soft 
parts  is  frequently  observed.  Now  and  then,  by  paying  strict  atten- 
tion to  asepsis,  phalanges  or  finger  tips  which  have  been  entirely 
severed  may  be'sutured  in  place  and  caused  to  reunite.  Careful  sub- 
cutaneous suturing  of  the  periosteum  with  catgut  and  absolute  immo- 
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bilisation  of  the  affected  part  are  of  chief  importance.  I  once  saw 
a  terminal  phalanx  which  had  reunited  in  this  way  come  off  again 
foar  weeks  later  in  consequence  of  a  violent  blow,  and  then  it  could 
not  be  made  to  heal  on  a  second  time.  If  a  piece  has  been  taken 
oat  of  the  continnity  of  a  bone  by  a  sabre  cut,  for  example,  and  there 
i«  no  periosteum  left  at  the  spot  in  question,  the  bone  will  granu- 
late very  soon,  and  skin  will  gradually  form  over  the  granulating 
sorface.  Very  often  the  loss  of  substance  in  a  bone  of  the  skull  is 
not  completely  replaced  by  new  bone,  and  persists  as  a  more  or  less 
appreciable  gap. 

The  repair  of  a  wound  in  bone  is  essentially  the  same  as  that  which 
takes  place  in  fractures,  and  is  described  on  page  602.  Gunshot  wounds 
of  bone  and  soft  parts  will  be  discussed  in  conjunction  with  injuries  of 
joints  (see  §  124). 

§  103.  The  InflammationB  of  Bone. — The  inflammations  of  bone  gen- 
erally begin  in  the  periosteum  and  in  the  medulla  in  the  form  of  a 
jcriostitis  and  osteomyelitis.  From  these  regions  the  inflammation 
extends  to  the  bone  substance  proper  and  to  the  epiphyseal  or  articular 
cartilages,  giving  rise  to  a  true  ostitis  or  chondritis.  The  ostitis  mani- 
Asta  itself  either  as  an  absorption  of  bone  (rarefying  ostitis)  or  as  a  new 
formation  of  bone  (condensing  ostitis).  The  inflammatory  changes  in 
the  bone  proper  take  place  in  the  parts  surrounding  the  vessels  and  in 
"tte  medullary  spaces.  The  pathological  absorption  of  bone  is,  as  a  rule, 
•nalogons  to  the  normal  absorption — i.  e.,  it  takes  place  in  the  form  of 
Jttt-like  depressions,  the  so-called  Howship's  lacunae  (lacunar  absorption 
<>f  bone),  which  are  hollowed  out  of  the  bone  by  the  action  of  polynu- 
«lear  cells — the  osteoclasts,  as  they  are  called  (Kolliker,  Fig.  401).  In 
tiug  lacunar  absorption  of  bone  the  lime  salts  and  the  ground  substance 
•re  always  dissolved  more  or  less  simultaneously.  In  a  second  form  of 
•beorption  of  bone — in  haHsteresis  ossium — the  lime  salts  become  at 
4«t  dissolved,  the  decalcified  ground  substance  of  the  bone  persisting 
for  some  time  longer.  The  latter  kind  of  absorption  of  bone  takes 
place  especially  in  osteomalacia  (see  §  109).  The  changes  which  occur 
Jn  inflammation  of  cartilage  consist  mainly  in  a  proliferation  of  the  car- 
Wage  cells  and  in  a  fibrillary  degeneration  and  necrosis  of  the  ground 
iQbatance  of  the  cartilage. 

§  104.  Acnte  Inflammations  of  Bone,  Acute  FeriostitiB,  and  Acute 
Arteomyelitii. — The  acute  inflammations  of  bone,  in  the  form  of  an 
tente  inflammation  of  the  periosteum  and  medulla  (acute  periostitis 
lod  acnte  osteomyelitis),  have  been  studied  in  their  simplest  form  in 
J 101,  under  the  subject  of  Callus  Formation  after  subcutaneous  frac- 
tures.    In  every  instance  where  a  suppurative  periostitis  and  osteo- 
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myelitis  occurs  it  is  due,  like  any  acute  suppuration,  to  infection  by 
micro-organisms.  The  infection  has  either  taken  place  at  the  point 
where  the  injury  was  received,  as  in  the  case  of  compound  fractureg 
which  are  not  treated  antiseptically  and  open  wounds  of  the  perios- 
teum, or  it  has  spread  from  a  suppurative  inflammation  of  the  sur- 
rounding parts,  or,  thirdly,  it  originates  by  infectious  matter  being 
brought  from  another  portion  of  the  body  by  the  blood-vessels  and 
deposited  in  the  bone  (hsematogenous  infection).  The  latter  kind 
inchides  the  metastatic  inflammations  of  the  periosteum  and  mednlk 
occurring  in  pyseraia,  typhoid,  and  scarlet  fevers,  etc.  Such  acute  in- 
flammations of  the  periosteum  and  medulla  not  only  develop  in  the 
course  of  acute  infectious  diseases  from  metastasis  of  their  poisons,  hot 
also  occur  in  perfectly  healthy  individuals,  and  are  due  to  micro-organ- 
isms which  are  carried  to  the  bone  in  the  blood  from  the  external  cnti- 
neous  covering,  the  intestinal  tract,  the  lungs,  etc.,  and  there  excite  the 
various  kinds  of  inflammation. 

Acute  InfeotiooB  Osteomyelitis. — The  severest  acute  inflammation  of 
bone  is  the  primary  acute  infectious  osteomyelitis  and  periostitis  (Lticke) 
flrst  described  by  Chassaignac  as  osteomydite  spontanee  diffn^daw 
or  typhxis  des  08  or  des  memhres.  This  is  cliiefly  observed  in  yonng 
people.  Young  growing  bones,  as  a  general  thing,  possess  a  more  or 
less  pronounced  tendency  towards  inflammatory  processes.  An  active 
development  of  new  vessels  takes  place  in  growing  bone,  and  the  te^ 
minal  loops  of  the  vessels  with  their  dilatations  lie  close  to  the  epiphJ^ 
eal  cartilage ;  consequently  solid  impurities,  especially  micro-organ- 
isms, can  be  deposited  in  the  cartilage  from  the  retarded  blood  stream. 
Moreover,  the  filtration  and  deposition  of  micro-organisms  and  all  solid 
impurities  contained  in  the  blood  are  rendered  easy  in  the  medulla  of 
every  bone,  for  the  reason  that  the  blood  stream  is  not  confined  by  walk 
as  it  passes  through  the  sacculated  medullary  spaces.  Osteomjelitii 
occurs  most  commonly  in  the  femur  of  young  subjects,  possibly  becana* 
this  bone  grows  the  most  rapidly.  According  to  Haaga's  statistieB^ 
covering  forty  years'  experience  in  the  clinic  at  Tubingen,  the  disease 
occurs  more  frequently  in  men  than  in  women,  the  proportion  bring 
3.38  to  1.  Acute  infectious  osteomyelitis  is  particularly  common  is 
certain  regions,  such  as  Switzerland,  the  mountainous  parts  of  SonA 
Germany,  and  the  coast  of  North  Germany.  Epidemics  of  very  setert 
cases  occur  in  these  places.  In  other  instances  acute  osteomyeHtiBii 
secondary,  and  occurs,  for  example,  in  the  course  of  acute  infection 
diseases,  such  as  measles,  scarlet  fever,  small-pox,  or  typhoid  fever  (see 
page  G41).  We  shall  confine  ourselves  at  present  mainly  to  the  pB" 
mary  acute  osteomyelitis. 
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Acute  Osteomyelitia— Our  knowledge  of  the  etiology 
of  primary  acute  infectious  osteomyelitis  has  recently  been  advanced,  par- 
ticalarly  by  Kocher,  Bosenbach,  Kraske,  and  others.  It  has  been  found  that 
in  the  majority  of  cases  it  is  caused  by  the  yellow  pus  coccus,  the  Staphylo- 
coccus pyogenes  aureus,  less  often  by  the  Staphylococcus  pyogenes  albus 
citreus,  or  the  Streptococcus  pyogenes  (see  pages  327-331).  Occasionally 
there  is  a  muced  infection  by  various  pus  cocci.  In  fifteen  cases  of  acute 
oiteomyelitis  Rosenbach  found  the  Staphylococcus  pyogenes  aureus  four- 
teen times,  once  with  the  chain  coccus  of  cellulitis,  and  once  with  the  white 
pus  coccus  (Staphylococcus  pyogenes  albus).  Out  of  ninety  cases  of  osteo- 
myelitis Lannelongue  found  staphylococci  in  seventy  (fifty-six  times  the 
SUiphylococcus  aureus),  streptococci  in  only  ten.  pneumococci  in  three,  and 
Ibertb  s  bacilli  in  four ;  the  streptococci  and  pneumococci  were  found  chiefly 
in  young  children  from  one  to  five  years  of  age.  The  Staphylococcus  py- 
ogenes aureus  is  more  virulent  than  the  Staphylococcus  albus,  and  in  case 
«f  streptococcus  infection  death  is  likely  to  occur  promptly  from  sepsis. 
In  some  localities  the  disease  is  produced  chiefly  by  the  Staphylococcus 
<illm8.  Osteomyelitis  may  also  be  caused  by  the  typhoid  bacillus,  Frankel's 
^lococcus,  the  Micrococcus  pyogenes  tenuis,  the  Micrococcus  tetragenus, 
the  Bacillus  pyocyaneus,  the  Bacillus  pyogenes  fcetidus,  and  the  Bac- 
imum  coli  commune,  as  well  as  by  the  intravenous  injection  of  the 
liftcterium  that  produces  lactic  acid.  Like  any  other  acute  inflammation 
4tDd  suppuration,  osteomyelitis  can  be  excited  experimentally  in  animals 
by  agents  having  a  purely  chemical  action,  such  as  turpentine  or  sterilised 
foitures,  the  latter  producing  their  effect  through  the  chemical  products 
ittolting  from  the  metabolism  of  the  pus  cocci  (Ullmann).  In  short, 
osteomyelitis  can  be  excited  by  many  varieties  of  micro-organisms  and 
chemical  agents,  but  the  ordinary  pus  cocci  are  the  most  common  cause 
of  the  disease.  Consequently  osteomyelitis  is  not  due  to  a  specific  poison, 
ii  was  believed  to  be  the  case  for  a  long  time,  but  it  may  be  caused  by 
any  kind  of  micro-organism  which  excites  acute  inflammation  and  sup- 
{Miration.  Acute  infectious  osteomyelitis  is  essentially  a  phlegmon,  so  to 
tpeak,  of  the  medullary  cavity.  By  transferring  osteomyelitic  pus,  or  the 
ibove-mentioned  micro-organisms,  to  the  soft  parts,  cellulitis  with  suppura- 
Iwn  is  produced.  The  experiments  of  Becker  and  others  show  that  after 
tile  introduction  of  pus  cocci  into  the  circulatory  system  or  peritoneal 
••▼ity,  typical  acute  osteomyelitis  is  particularly  likely  to  develop  if  the 
iifected  bones  have  been  previously  contused  or  broken,  for  the  reason 
that  broken  or  contused  bone  offers  a  favourable  medium  for  the  growth  of 
the  pus  cocci.  Lexer,  Canon,  and  others  caused  osteomyelitis  in  young  grow- 
ing rabbits  by  injecting  the  Staphylococcus  pyogenes  aureus  into  the  jugular 
win  without  injuring  the  bone ;  in  fully  grown  animals  the  injection  of  the 
Mme  caused  inflammations  of  the  muscles,  joints,  and  internal  organs  simi- 
lar to  pyaemia.  Jordan,  Miiller,  and  Sonnenburg  regard  osteomyelitis  as 
audnly  a  pyaemia  with  localisation  in  the  bone,  and  occurring  chiefly  in  the 
growing  period. 

The  origin  of  acute  infectious  osteomyelitis  is  to  be  explained  on  the  sup- 
position that  the  above-mentioned  micro-organisms  enter  the  circulation  from 
jome  point  in  the  skin,  or  in  the  lungs  or  intestinal  tract,  for  example,  par- 
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ticularly  when  at  this  point  there  is  an  inflammation,  such  as  a  funmcle, 
or  even  a  slight  interruption  of  continuity,  and  are  carried  off  in  the  blood, 
from  which  they  are  deposited  in  the  medullary  portion  of  the  bones  of 
youthful  subjects  for  the  anatomical  reasons  mentioned  before ;  here  they 
develop,  and  give  rise  to  severe  suppurative  or  gangrenous  inflammation 
with  secondary  involvement  of  the  bone,  periosteum,  and  frequently  the 
joints.  Colzi's  experiments  seem  to  show  that  the  bacteria  in  osteomyelitis 
enter  the  body  most  frequently  from  the  skin,  less  often  from  the  lungs  or 
intestinal  tract.  Osteomyelitis  may  result  from  any  acute  pus  focus  in  any 
organ  of  the  body  in  case  the  pus  cocci  are  carried  to  the  medulla  of  a  bone. 
As  we  remarked  before,  traumatic  lesions  of  bone  favour  the  development 
of  acute  infectious  osteomyelitis.  How  far  catching  cold  conduces  to  its 
occurrence  is  a  matter  which  cannot  be  determined,  but  the  ma jority  of  su^ 
geons  believe  that  it  exerts  some  influence.  Acute  osteomyelitis  is  either  . 
localised  in  one  bone  or  in  several  at  the  same  time,  starting  from  cue  focn& 
In  other  cases  the  osteomyelitis  located  in  one  bone  leads  to  metastatic  osteo- 
myelitis of  other  bones.  Furthermore,  acute  osteomyelitis  is  either  a  primary 
disease  or  results  secondarily  from  some  infectious  focus — e.  g.,  a  furuncle, 
suppurative  inflammation  of  various  organs  or  in  connection  with  an  acute 
infectious  disease  (measles,  scarlet  fever,  typhoid,  diphtheria,  pyaemia,  septi- 
caemia, etc.). 

Anatomical  Changes  in  Acute  Infectioas  Otteomyelitifl.— Tlie  anatomical 
changes  in  acute  infectious  osteomyelitis  vary  with  the  species  of  bacteria 
which  causes  the  inflammation.  Generally  speaking,  osteomyelitis  produced 
by  staphylococci  causes  marked  local  destruction  of  the  bone ;  that  due  to 
streptococci  often  results  in  inflammation  of  joints,  and  fatal  general  infec- 
tion frequently  follows  before  extensive  suppuration  has  occurred  in  the 
bone.  Osteomyelitis  produced  by  typhoid  bacilli  does  not  run  so  acute  a 
course  as  the  usual  kinds ;  the  suppuration  acts  more  like  a  cold  abscess, 
and  ulcerative  and  fungous  forms  often  occur.  The  anatomical  changes  are 
in  the  main  the  following :  At  the  outset  there  is  a  diffuse  hyperemia  of  the 
medulla,  and,  later,  yellowish  or  greyish  coloured  foci  of  suppuration  appear 
in  it  which  not  infrequently  coalesce  and  form  a  single  large  collection  of 
pus.  In  the  severest  cases  there  is  observed  a  general  suppuration  of  the 
medulla  of  the  entire  diaphysis — most  commonly  of  the  femur  or  tibia— with 
secondary  collections  of  pus  in  the  Haversian  canals,  between  the  perios- 
teum and  bone,  in  the  periosteum,  and  in  the  adjoining  soft  parts.  The 
periosteum  probably  becomes  involved  for  the  most  part  secondarily,  and 
is  the  seat  of  inflammatory  inflltration  and  swelling  (serous,  sero-fibrinoos 
periostitis)  or  of  suppuration.  As  a  rule,  the  pus  in  acute  infectious  osteo- 
myelitis is  rich  in  fat,  in  consequence  of  the  acute  degeneration  of  ihemt- 
dullary  cells.  The  suppurative  separation  of  the  epiphyses  at  their  juncti(m 
with  the  diaphyses  is  a  pathological  change  of  C4)nsiderable  importance,  as 
well  as  the  secondary  development  of  inflammations  of  the  neighbouring 
joints  either  in  the  form  of  a  transitory  mild  serous  or  sero-fibrinous  inflam- 
mation, or  of  a  severe  suppurative  arthritis.  Haaga  states  that  in  four  hun- 
dred and  seventy  cases,  ])ernianent,  slight,  or  pronounced  changes  remained 
in  the  joints  one  hundred  and  eighty-nine  times.  Curvatures  or  an^lar 
deformities  of  bones  sometimes  develop  after  osteomyelitis  (seepag«^. 
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Necrosis  of  the  bone  involved  is  a  very  frequent  accompaniment  of  the 
inflammatory  process,  and  varies  in  amount  up  to  necrosis  of  the  entire  shaft 
of  a  long  bone.  In  the  mildest  cases  suppuration  and  necrosis  do  not  occur, 
bat  there  is  only  a  condensing  ostitis.  The  forms  described  as  ostitis  and 
periostitis  are  mainly  the  result  of  a  mild  non -suppurative  osteomyelitis  (see 
also  pages  633  and  641).  Acute  infectious  osteomyelitis  terminates  either  in  a 
complete  restitutio  ad  integrum^  with  or  without  suppuration,  or  in  a  vary- 
ing; amount  of  necrosis  of  the  bone,  or  in  death,  particularly  from  pyaemia  and 
■epticsemia.  Pyaemia  and  septicaemia  are  both  the  cause  and  result  of  acute 
csteomyelitis — i.  e.,  the  latter  either  causes  sepsis  by  the  bacteria  and  their 
products  being  carried  into  the  blood,  or  it  is  a  secondary  metastatic  inflam- 
Biatiou  resulting  from  an  already  existing  sepsis.  Not  infrequently  encap- 
sulated central  bone  abscesses  are  left  behind  which  persist  for  years. 

Osteomyelitis  occurs  either  in  a  single  bone,  involving  most  commonly 
tbediaphysis  of  the  long  hollow  bones  (femur,  tibia),  or  as  a  multiple  affection 
in  different  bones.  In  the  latter  instance  there  is  a  simultaneous  infection  of 
tereral  bones,  or  the  primary  disease  in  one  bone  gives  rise  to  metastases  in 
other  bones;  the  latter  is  by  far  most  frequently  the  case.  The  short,  flat 
Iwnes  most  commonly  affected  are  the  clavicle,  the  ileum,  and  the  scapula. 
After  total  necrosis  of  the  clavicle  the  bone  may  be  completely  regenerated, 
its  shape  restored,  and  the  function  of  the  arm  undisturbed. 

Clinical  Course  of  Acnte  Infectious  Osteomyelitis. — The  clinical  course 
<rf  acute  infectious  osteomyelitis  varies  greatly.  The  worst  cases  pre- 
sent the  symptoms  of  a  very  severe  constitutional  disease,  with  high 
fever,  delirium,  rapid  swelling  of  the  affected  bone,  and  death  within 
t  few  days.  In  the  mildest  cases  the  local  and  constitutional  manifes- 
tations are  slight.  The  cases  of  moderate  severity  are  probably  the 
most  common.  The  amount  of  constitutional  infection  does  not  always 
correspond  to  the  extent  of  the  local  disease.  The  fever  in  the  severe 
cases  is,  as  a  rule,  very  high,  reaching  41°  C.  (104.1°  F.).  The  disease 
generally  begins  with  a  chill  two  to  three  days  after  a  traumatism,  for 
example,  or  exposure  to  cold,  and  during  the  days  immediately  follow- 
ing the  local  disease  can  usually  be  readily  made  out  in  one  bone,  less 
often  in  several  bones.  The  intense  pain,  the  even  swelling,  the  absence 
at  first  of  any  fluctuation  or  inflammation  of  the  soft  parts,  and  the 
pronounced  disturbance  of  function  are  in  general  characteristic  of  the 
local  disease  of  the  bone.  Many  cases  do  not  begin  so  acutely ;  on  the 
contrary,  they  often  commence  very  gradually.  Occasionally  the  dis- 
ease runs  a  course  which  presents  the  picture  of  an  acute  articular  rheu- 
matism with  inflammation  of  the  large  joints.  In  these  cases  the 
oateomyelitis  is  always  multiple,  and  the  inflammation  of  the  joints 
(aecondary  to  disease  of  the  neighbouring  epiphyses)  often  goes  on  to 

suppuration. 

The  subsequent  course  of  acute  infectious  osteomyelitis  is  in  the 

majority  of  instances  favourable.     In  the  mildest  cases  complete  resti- 
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tutio  ad  iiitegrum  takes  place  in  two  to  three  to  four  weeks  without 
any  noticeable  suppuration.  In  the  severest  cases  the  suppuration  of 
the  medulla  runs  a  very  rapid  course,  accompanied  by  secondary  sup- 
puration of  the  periosteum  and  phlegmonous  sloughing  of  the  soft 
parts,  sometimes  with  the  evolution  of  gas.  Death  in  such  cases  gen- 
erally occurs  from  what  looks  like  septicaemia  with  severe  typhoid 
symptoms,  or  from  pyaemia  with  secondary  abscesses  in  the  internal 
organs.  Probably  the  most  common  termination  is  recovery,  with 
necrosis  corresponding  to  the  amount  of  bone  which  has  been  affected. 
The  necrosis  is  sometimes  central  and  sometimes  peripheral — i.  e.,  it  is 
confined  to  the  bone  adjoining  the  medulla  or  the  periosteum.  If 
there  is  extensive  suppuration  in  the  medulla  and  periosteum  the  entire 
diaphysis  of  a  long  bone  may  die.  Not  infrequently  circuuiscribed 
collections  of  pus  in  the  medullary  cavity  become  encapsulated  and 
form  abscesses  running  a  chronic  course  without  necrosis,  and  leading 
to  a  characteristic  diflEuse  enlargement  of  the  affected  bone.  The  sup- 
purative separation  of  the  epiphyses  is  another  complication  occurring 
in  young  subjects  when  the  suppuration  invades  these  parts.  The 
epiphyseal  separation,  as  in  fractures  or  traumatic  separations,  is 
recognised  by  the  abnormal  mobility.  Usually  there  is  only  separa- 
tion of  one  epiphysis,  which  in  the  femur,  for  example,  is  the  lower; 
only  in  rare  instances  are  both  involved.  The  separation  of  both 
epiphyses  of  a  single  bone  appears  to  have  occurred  most  commonly 
in  the  tibia. 

The  secondary  inflammations  of  the  joints  which  accompany  acute 
infectious  esteomyelitis  are  either  acute  or  subacute  serous  inflamma- 
tions, or  severe  suppurative  forms,  which  may  even  be  attended  by 
the  evolution  of  gas. 

Sometimes,  after  an  acute  osteomyelitis  has  run  its  course,  even 
when  no  extensive  necrosis  has  taken  place,  the  bone  may  be  left 
abnormally  soft.  It  may  lose  its  strength  to  such  an  extent  that  curva- 
ture, angular  deformity,  or  axial  rotation  of  the  diaphysis  of  a  bone, 
like  the  femur,  may  be  produced  by  muscular  action  and  by  the  super- 
imposed weight  of  the  ])ody  (Stahl,  Oberst,  and  others).  In  such 
cases  of  curvature  or  deformity  the  bones  involved  are  remarkably 
porous,  and  at  the  point  where  the  disease  is  located  a  fistula  will 
generally  be  found  which  leads  to  a  focus  of  rarefied  bone  vrith  t 
sequestrum. 

As  Krause  has  correctly  stated,  the  osteomyelitic  cocci  appear  to 
possess  great  powers  of  resistance,  since  renewed  formation  of  pus 
has  been  observed  in  old  osteomyelitic  areas  even  after  the  lapse  of 
years.     This   is   the   explanation  for  those   cases  of    multiple  osteo- 
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myelitis  in  which  the  foci  of  the  process  have  apparently  completely 
disappeared,  bat  in  which,  nevertheless,  suppuration  and  necrosis  sub- 
sequently develop. 

Diagnosis  and  Prognosis  of  Acute  Osteomyelitis.— The  diagnosis  of  acute 
infectious  osteomyelitis  can  be  made  from  what  has  been  stated  about  the 
anatomical  changes  and  the  symptomatology. 

The  prognosis,  in  the  majority  of  cases,  is  favourable  quoad  vitam.  But 
it  must  be  borne  in  mind  that  the  disease  may  cause  death  at  any  stage,  so 
long  as  an  escape  is  not  provided  for  the  pus  by  chiselling  open  the  medul- 
lary cavity.  Many  cases,  especially  those  caused  by  the  streptococcus,  ruD  a 
npidly  fatal  course.  After  the  suppuration  has  subsided,  it  is  mainly  the 
extent  of  the  necrosis,  the  amount  of  inflammation  which  has  occurred  in 
the  joints,  the  condition  of  the  epiphyses,  etc.,  which  determine  the  character 
of  the  case. 

The  Treatment  of  Acute  Infectious  Osteomyelitis. — The  treatment  of 
•cute  primary  osteomyelitis  has  gained  in  efficacy  with  our  knowledge 
d  the  etiology  of  the  disease.  In  the  treatment,  a  distinction  must  be 
made  between  the  severe  cases,  which  run  a  very  acute  course,  and 
those  which  are  mild  and  subacute.  In  the  severest  cases  with  high 
fever,  a  means  of  escape  should  be  provided  for  the  pus  as  soon  as 
possible  by  making  one  or  more  openings  into  the  bone — e.  g.,  with  a 
dentist's  drill  or  an  electro-motor  apparatus  (see  page  90),  and  in  case 
pus  is  f onnd  the  medullary  cavity  is  opened  sufficiently  in  the  form  of 
a  gutter  with  chisel  and  mallet.  If  operative  measures  are  adopted 
early  enough,  the  otherwise  unavoidable  necrosis  of  the  bone  and  the 
breaking  through  of  pus  into  a  neighbouring  joint  may  sometimes  be 
prevented,  and  the  course  of  the  disease  will  thus  be  rendered  milder 
and  shorter  than  it  otherwise  would  be.  To  avoid  recurrences  and  to 
obtain  speedy  recovery,  it  will  often  be  found  a  better  plan,  instead  of 
making  a  gutter-shaped  opening  into  the  medullary  cavity  of  a  long, 
hollow  bone,  to  remove  all  of  the  bone  except  a  wall  of  cortex.  This 
ttrly  scraping  out  of  the  infected  medulla  has  recently  been  energetic- 
ally supported  by  Tscherning  (Copenhagen),  Thelen,  and  others,  and  is 
in  every  respect  a  rational  procedure,  when  it  is  remembered  that  we 
bave  to  deal  e^ntially  with  a  cellulitis  of  the  medulla;  and  in  the 
«8e  of  any  cellulitis  it  should  be  our  aim  to  evacuate  the  pus  at  the 
•triiest  possible  moment.  It  is  not  always  easy  to  decide  in  what  cases 
fte  aseptic  opening  of  the  diseased  bone  with  the  chisel  should  be 
•ttempted  ;  moreover,  many  cases  run  such  a  rapidly  fatal  course  that 
the  correct  diagnosis  cannot  be  made  at  an  early  enough  period.  The 
evacuation  of  pns  from  bones,  such  as  those  of  the  pelvis,  is  difficult, 
sod  I  have  seen  very  severe  cases  involving  just  these  bones  where 
death  occurred  quickly.     After  opening  the  medullary  cavity  of  a 
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long  hollow  bone,  the  suppurative  focus  should  be  scraped  out,  and, 
if  necessary,  the  entire  medullary  cavity.  The  periosteum  and  soft 
parts  should  likewise  be  carefully  examhied  for  the  presence  of  pus, 
and,  if  found,  it  should  be  let  out  by  incision  and  drainage.  Fiually, 
the  medullary  cavity  should  be  disinfected  as  carefully  as  possible  with 
a  one-tenth-per-cent.  solution  of  bichloride  of  mercury  or  a  three-per- 
cent, solution  of  carbolic  acid,  and  then  filled  with  iodofoim  gauze, 
over  which  is  placed  an  antiseptic  protective  dressing.  Instead  of  a 
dry  asej)tic  dressing,  wet  dressings  of  one  to  two  per  cent,  alumin- 
ium acetate  may  be  employed  to  advantage.  Immobilisation  of  the 
extremity  in  the  best  possible  position  by  splints,  etc.,  cannot  be 
emphasised  too  strongly.  Unfortunately,  in  spite  of  energetic  and 
early  operative  local  treatment,  some  of  the  severe  cases  will  die  in 
consequence  of  the  systemic  intoxication  already  present,  which  even 
an  amputation  or  a  total  subperiosteal  resection  of  the  diseased  bone 
will  not  always  prevent.  Complete  resection  of  the  bone — i.  e.,  the 
removal  of  the  diseased  bgne  in  toto — seems  to  me  very  inadvisable, 
as  its  efficacy  has  as  yet  not  been  sufficiently  established.  Amputa- 
tion in  the  acute  stage  is  rarely  indicated,  though  it  may  be  in  die 
later  stages,  when  suppuration  becomes  so  excessive  as  to  threaten  to 
carry  oil  the  patient  from  exhaustion. 

In  the  moderately  severe  and  the  mild  cases  the  local  treatment 
consists  in  the  energetic  application  of  ice,  in  placing  the  extremitv 
in  an  elevated  position,  and  in  immobilising  it  as  much  as  possible 
with  a  splint.  Others  prefer  moist  heat  to  ice  for  alleviating  the  pain. 
I  consider  that  the  application  of  iodine,  which  was  formerly  so  much 
used,  has  but  little  eilect.  If  there  is  marked  swelling  of  the  pence- 
teum  and  the  pain  due  to  this  is  severe,  even  though  no  ])U8  can  be 
obtained  by  a  test  puncture,  I  nevertheless  advocate  early  incisions  to 
lessen  the  tension,  and  thus  ease  the  patient's  pain.  Furthermore,  it 
is  possible  by  this  means  to  prevent,  or  at  any  rate  to  limit,  a  subee- 
quent  necrosis  of  the  hone.  Not  infrequently  cases  which  were  at  the 
outset  mild,  become  so  severe  that  it  mav  be  necessary  to  chisel  a 
groove  into  the  medullary  cavity  and  drain  or  pack  the  latter  ^^ith 
iodoform  gauze. 

As  regards  the  treatment  of  complications  the  following  should  be 
noted :   Inflammations  of  joints  are  treated  according  to  the  general 
principles  applicable  to  these  affections  (see  Diseases  of  Joints).   H 
suppuration  occurs,  the  joint  should  be  opened  and  drained  as  soonifi 
possible.     Separation  of  the  epiphysis  is  treated  in  the  same  wav  u 
a  fracture.     Curvatures  of  bone  following  osteomyelitis  can  sometimes 
be  overcome,  after  scraping  out  the  osteomyelitic  focus  and  removing 
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the  sequestrum  which  may  be  present,  by  extension  with  a  lieavy 
weight  (five  to  ten  kilogrammes).  The  treatment  of  tlie  necrosis 
which  is  so  common  a  result  of  osteomyelitis  is  described  in  §  106. 
Defects  in  bone  are  repaired  by  one  of  the  methods  described  on  pages 
Wand  610. 

Amputation  aooompanied  by  Scraping  out  the  Bone  Stump.— Perkowsky 
practised  amputation  in  eight  severe  cases  of  osteomyelitis,  and  then  scraped 
oat  the  medullary  cavity  of  the  diseased  bone  stump,  removing  iu  three  cases 
the  medulla  of  the  entire  stump  with  the  sharp  spoon,  so  that  only  a  thin 
■hell  of  bone  was  left  Necrosis  did  not  take  place  in  a  single  case,  and  a 
npid  recovery  followed  in  all  eight  cases  under  iodoform  dressings.  Per- 
liowsky  thus  avoided  disarticulation  or  amputation  of  the  limb  at  a  higher 
point 

The  treatment  of  acute  periostitis  occurring  by  itself  is  conducted 
according  to  the  general  rules  which  apply  to  inflammation.  If  the 
acute  periostitis  is  suppurative,  incision  is  employed ;  if  not  suppura- 
tive, antiphlogesis. 

The  Acute  Traumatic  Inflammations  of  the  Periosteum  and  Medulla. — 
AcQte  traumatic  inflammations  of  the  periosteum  and  medulla  are  ob- 
served after  injuries  of  various  kinds,  such  as  contusions,  wounds  of  the 
jeriosteum,  subcutaneous  and  compound  fractures,  wounds  of  bone,  etc. 
Acute  non-suppurative  periostitis  and  osteomyelitis  take  place  after 
«very  contusion  and  subcutaneous  fracture.  A  typical  non-suppura- 
tive  periostitis  occurs  not  infrequently  in  recruits  in  consequence  of 
their  drilling  exercises ;  the  excessive  contraction  of  the  fascia  and  the 
mugcles  of  the  leg  causes  localised  thickenings  of  the  bone,  particularly 
in  the  front  of  the  tibia  (Laveran,  Laub).  The  suppurative  form  is 
ilways  caused  by  infection  with  bacteria  which  enter  through  some 
Wound  or  circulate  in  the  blood.  This  includes,  moreover,  the  acute 
^Weomyelitis  of  the  amputaticm  stump,  which,  especially  in  the  days  be- 
fore antisepsis,  terminated  in  death  from  pyaemia.  At  present  we  have 
Wned  to  avoid  this  form  of  osteomyelitis  with  certainty  in  our  amputa- 
Kons  by  employing  antisepsis  and  asepsis.  The  anatomical  changes  and 
the  cause  of  the  acute  (traumatic)  periostitis  and  osteomyelitis  are  essen- 
Sally  the  same  as  in  the  above-described  spontaneous  acute  infectious 
osteomyelitis  and  periostitis. 

Hetastatic  Inflammations  of  Bone. — The  metastatic  inflammations  of 
bone  in  pysemia,  typhoid  and  scarlet  fevers,  measles,  small-pox,  etc., 
ire  either  analogous  to  the  spontaneous  acute  infectious  osteomyelitis 
nd  periostitis,  or  they  run  a  chfonic  course  with  the  formation  of  cir- 
nmscribed  cold  abscesses.  The  osteomyelitis  following  scarlet  fever 
lather  common  (Chiari,  Mallory).     The  inflammations  of  bone  in  the 

44 
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oonrse  of  typhoid  fever  nsiiallj  occur  dnring  conTikeoenoe,  an  single  or 
multiple,  and  are  situated  in  the  shaft  of  long  bonea  and  alao  in  the 
ribs.  Thej  begin  with  rheumatic  pains  and  mn  their  oonrse  with 
fever.  The  abscesses  have  been  fonnd  to  contain  poa  oood,  Timlent 
typhoid  bacilli — even  years  after  recovery  from  the  typhoid — Bacterium 
cM  commune^  and  other  micro-organisms.  These  bacteria  were  fonnd 
in  some  cases  in  combination,  and  in  other  cases  each  kind  was  fonnd  by 
itself.  The  bacteriological  examination  proved  in  some  instanoes  neg- 
ative. In  the  cases  of  metastatic  bone  inflammation  from  plugging 
of  the  vessels  by  emboli,  a  corresponding  necrosis  of  bone  occurs  which 
is  called  an  '^^  embolic  necrosis."  Snch  embolic  necroses  from  olistmc- 
tion  to  the  afferent  flow  of  blood  are  occasionally  observed  in  endooar- 
ditic  processes,  when  blood-clots  with  or  without  micro-oiganisms  break 
loose  from  the  growths  on  the  endocardium  and  are  swept  away  and 
lodge  in  the  bones.  Epiphyseal  separations  and  secondary  joint  diseasesi 
which  were  described  above,  may  also  accompany  metastatic  perioetitia 
and  osteomyelitis. 

Growth  Fever  and  Growth  Pain.— In  young  subjects  there  is  occasionally 
observed  a  marked  temporary  tenderness  to  pressure  in  the  epiphyses  of  the 
long  bones,  especially  the  femur,  humerus,  and  tibia,  accompanied  by  inflam- 
matory irritation  of  the  neighbouring  joints,  with  the  manifestations  of  fever 
and  a  corresponding  disturbance  of  the  general  health.  Bouilly  and  Juillier 
have  designated  this  condition  as  growth  fever  or  growth  pain.  In  most  of 
these  cases  there  is  probably  a  real  disease  of  the  bones  or  joints :  the  children 
have  pain  because  they  are  ill,  and  not  because  they  are  growing.  The  chil- 
dren in  question  show  an  excessive  growth.  Not  infrequently  rhachitis  is 
present.     Pure  growth  pains  with  fever  are,  in  my  opinion,  extremely  rare. 

Embolic  Foreign-Body  Inflammations  of  Bone. — Great  interest  attaches 
to  the  embolic  foreign-body  inflammations  of  bone  which  are  observed 
in  motlier-of-pearl  turners  and  workers  in  woollen  and  jute  mills.  Peo- 
ple em])loyed  in  these  occupations  breathe  in  the  particles  of  mother- 
of-pearl  dust,  wool,  or  jute,  which  then  pass  from  the  lungs  into  the 
circulation  and  lodge  in  the  small  arteries  of  the  medullary  portion  of 
the  bones,  particularly  the  terminal  arteries  at  the  extremities  of  the 
diaphysis,  and  hero  excite  embolic  inflammation  of  the  medulla  with 
secondary  involvement  of  the  periosteum.  As  is  the  case  with  acute 
infectious  osteomyelitis  and  periostitis,  youthful  individuals  are  the 
ones  who  are  principally  affected  by  these  inflammations  of  the  me- 
dulla in  the  diaphyseal  ends  of  the  bones  and  in  the  epiphyses. 
Gussenbaur,  Englisch,  and  Levy  have  given  accurate  descriptions  of 
the  inflammations  of  bone  to  which  mother-of-pearl  turners  are  sub- 
ject. The  symptoms  consist  in  very  painful  swellings,  which  usually 
appear  suddenly  at  the  ends  of  the  diaphyses  with  marked  swelling  of 
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the  periosteum.  The  course  of  the  aflfection  is  generally  subacute,  and 
rappuration  has  as  yet  never  been  observed.  Restitutio  ad  inteffrum 
ordinarily  follows,  the  worst  that  happens  being  a  thickening  of  the 
periofiteum,  which  persists  for  a  greater  or  less  length  of  time.  But  if 
the  tnmers  resume  their  occupation,  recurrences  of  the  inflammation 
are  frequently  observed,  which  run  a  chronio  course,  with  thickening 
of  the  spongy  bones  of  the  carpus  or  tarsus,  or  of  the  diaphyseal  ends 
of  the  long  bones. 

Elein  has  described  the  bone  disease  of  jute  spinners.  In  this,  too, 
there  is  an  inflammation  of  the  medulla  and  periosteum  in  the  region 
of  the  epiphyseal  cartilages,  accompanied  by  severe  pain.  A  consid- 
erable growth  of  epiphyseal  cartilage  usually  takes  place,  giving  rise  to 
secondary  curvature  of  tlie  bones,  particularly  the  tibia.  In  this  affec- 
tion also  suppuration  or  necrosis  never  occurs. 

§  105.  The  Chronic  InflammationB  of  Bone  ( Chronic  Periostitis^  Os- 
ft<M,  and  Osteomyelitis). — The  most  important  chronic  diseases  of  bone 
are  the  mycotic,  of  which  the  tubercular,  syphilitic,  and  actinomycotic 
inflammations  of  bone  are  prominent  examples.  Furthermore,  acute 
infectious  diseases,  such  as  measles,  scarlatina,  typhoid  fever,  etc.,  may 
be  followed  not  only  by  acute  inflammations  of  bone,  as  mentioned 
above,  but  also  by  inflammations  which  are  at  first  latent,  and  then 
nbeequently  manifest  themselves  as  affections  running  a  chronic  course. 
The  chronic  inflammation  of  the  ribs  which  follows  typhoid  fever  is  an 
example  of  this  class  of  cases  (see  page  017).  The  other  chronic  in- 
flammations of  bone  are  mostly  secondary  to  preceding  acute  inflam- 
mations, and  include,  as  a  terminal  stage  of  the  latter,  necrosis.  Chronic 
inflammations  of  bone  are  also  sometimes  the  result  of  tlie  extension 
to  the  latter  of  chronic  inflammation  in  the  surrounding  parts.  The 
changes  which  occur  in  bone  in  consequence  of  chronic  inflammation 
consist  either  in  a  destruction  of  the  bone  substance  (caries,  necrosis) 
or  in  a  reactive  new  formation  of  bone. 

Chronic  Periostitis. — Among  the  various  forms  of  chronic  i)erios- 
titig,  mention  should  first  be  made  of  the  chronic  fibrous  form.  In 
this  variety  tough,  fibrous  thickenings  of  the  periosteum  develop, 
sometimes  with  absorption  of  the  superficial  portions  of  the  bone  (caries 
^perficialis),  and  sometimes  with  new  formation  of  bone.  In  the  lat- 
ter instance  the  process  is  an  ossifying  periostitis. 

Periostitis  Albuminosa  or  Mucinosa  (Non-pumlenta).— Poncet  and  Oilier 
^ere  the  first  to  describe  a  peculiar  form  of  periostitis  under  tlie  name  of 
Periostitis  albuminosa  (ganglion  periostale),  concerning  the  nature  of  which 
Afferent  authorities  hold  very  divergent  views.  The  atfeotion  attacks  almost 
delusively  the  ends  of  the  diaphysis  of  the  long,  hollow  bones  in  young  sub- 
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jects  from  fifteen  to  twenty  yeare  of  age,  and  involTes  not  only  the  periosleui] 
but  frequently  the  bone  also  (ostitis  albuminosa).  Schlange  has  praposec 
calling  it  periostitis  and  ostitis  non-purulenta.  and  Riedinger  periostitis  mu- 
cinosa. As  a  rule,  the  disease  begins  with  severe  pain,  swelling  at  the  lower 
end  of  the  diaphysis  in  the  neighbourhood  of  the  epiphyseal  line,  and  fever, 
as  is  tlie  case  in  acute  primary  osteomyelitis.  After  a  few  days  the  feveraod 
pain  disappear,  and  the  swelling  of  the  periaeteum  and  bone  becomes  mm 
and  more  prominent.  There  will  be  found  at  the  diseased  point,  instead  o( 
pus,  either  a  bloody  serous  or  a  hydrocele-  or  synovial-like  fluid  which  Im 
the  consistency  of  tenacious  mucus.  The  fluid  lies  either  beneath  ihe  peri- 
osteuni,  or  within  it  in  the  form  of  a  cyst,  or  on  its  outer  surface,  and  in  tk 
latter  instance  there  is  also  a  diffuse  cedematous  swelling  of  the  surrouading 
soft  parts.  In  my  opinion  the  disease  is  at  the  outset  aii  acute  or  subacuK 
non-suppurative,  non-serous  osteomyelitis  and  periostitis,  which  isnotadit' 
ease  Kiii  gi-iieria,  but  is  caused  by  various  factors,  particularly  by  atteouaUd 
pus  cocci  (staphylococci) ;  in  some  cases  it  may  be  of  tubercular  or  sypbi- 
litic  nature.  Dor  found  in  one  case  the  BacUlua  cereua  ciireita.  Vollot 
states  that  a  mucoid  metamorphosis  of  the  leucocytes  takes  place  iu  thii 
alfection.  Its  course  is  very  chronic,  and  necrosis  of  the  bone  is  often  pro- 
eiiU  The  disease  is  very  rebellious  to  therapeutic  measures  and  recurreDca 
frequently  take  place,  or  flstulu!  may  persist  for  months  or  years.  The  bea 
treatment  consists  in  incisii>n  and  energetic  scraping  out  of  the  underljiDg 
diseased  bone,  with  or  without  chiselling  an  opening  into  the  tnedulluT 
cavity.    Cystic  formations  should  be  carefully  extirpated. 

In  tlic  chronic  oseifjing  periostitis  the  new  formation  of  boneii 
either  limited  to  a  circumecril)ed  portion  of  tUe  bone,  giving  ria  w 
what  is  called  an  osteophyte  (Fig.  413),  or  diffuse  liypertropliies — hvpff- 


■Ostoophyto  (Pntho1opii!aI  Kliueum  at  Leipeio). 


oetoees,  us  they  are  called — are  developed,  in  consequence  of  wi"^ 
thickenings  of  tlie  Iwne  resembling  elephantiasis  result  (Fig.  414). 

In  addition  to  chronic  fibrous  and  chronic  ossifying  perioftitij,  «* 
recognise  a  chronic  suppurative  periostitis,  which  sometimes  is  the 
terminal  stage  of  an  acute  ])eriostitis  and  sometimes  develops  gradiiall; 
as  a  disease  by  itself,  and  chiefly  comes  into  consideration  as  a  con- 
comitant phenomenon  of  necrosis  or  caries  of  lK»ne,  In  chronic  w^ 
purative  |>eriostitis  we  have  to  deal,  for  the  most  part,  with  spent 
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actinouiycosie,  and   also 
Tubercular  perioetitiB  is 


,  eucli  as  tubercnloeis,  sjphilis, 
wilb  necrosis  of  boDe  from  varioiia  causi 
either  primary  or  secondarj  to  tuber- 
tulosis  of  bone  or  its  medulla,  or  of 
the  surrounding  soft  parts. 

IieKtineBt  ik  Chxonio  Perioititu. — 
ChronJc  nou-suppuratire  periostitis 
ahoald  be  treated  briefly  ae  follows : 
Firet  of  all  its  cause  should  be  deter- 
mioed  and  proper  steps  taken  to  rem- 
edy it.  To  relieve  the  tension,  pain, 
uid  local  indammatorj  symptoms,  in- 
ciBons  and  hydropathic  applications 
can  be  used  with  advantage.  It  is  also 
■n  excellent  plan  to  paint  the  parts 
with  tinct.  iodi  fortior  alcoh.  (five 
puts  iod.  pur.  to  30.U  of  alcohol). 
Compression  by  the  elastic  bandage 
iiof  Dse  for  the  fibrous  thickening  and 
osteophytes ;  but  troublesome  osteo- 
pbjtes,  occarring,  for  example,  in 
Miinection  with  an  ulcer  of  the  leg 
>r  eome  other  disease  of  the  soft  parts, 
fhoDid  be  removed  with  the  hammer 
ind  chisel. 

The  treatment  of  chronic  suppu- 
ative  periostitis  is  likewise  mainly 
etermiued  by  the  cause,  and  we  shall 
■scusa  this  disease  more  fully  under  Tuberculosis,  Caries,  Necrosis, 
«■  (see  also  Syphilis,  §  84,  and  page  652). 

Tuberonloiit  of  Bone.^One  of  the  most  important  and  by  far  the 
Oat  common  of  chronic  bone  diseases  is  tuberculosis  (ostitis  tubercu- 
8a,  caries  tuberculosa  or  fungosa),  which  occurs  chiefly  as  tubercular 
-Hostitis  and  osteomyelitis,  and  leads  to  extensive  destruction  of  bone 
-to  caries,  as  it  is  called  {Fig.  415) — and  to  uecroi^is.  Volkmann, 
lillroth,  Kiiuig,  Oilier,  and  others  have  won  lasting  honours  by  their 
tadies  upon  the  subject  of  tuberculosis  of  bones  and  joints,  and 
tobert  Koch  has  greatly  advanced  our  knowledge  of  the  etiology 
i  tubercular  inflammation  by  demonstrating  and  obtainmg  in  pure 
Ditnres  the  tubercle  bacillus  f§  83).  We  now  know  that  all  those 
)rms  of  inflammation  which  affect  bone,  and  have  been  designat£<] 
cariee,  spina  ventosa,  scrofulous  or  fungous  inflauimation  of  bones 
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and  jointe,  tumor  albas,  etc.,  are  in  the  main  true  tubercular  inflam- 
mation e. 

Tubercular  inflammation  of  bone  occurs  most  commonly  in  joasg 
individuals — i.  e.,  in  growing  bone — for  the  reason  mentioned  before, 
namely,  that  the  formed  foreign  elements  circulating  in  the  blood,  jur- 
ticularly  the  tubercle  bacilli,  are  more  readily  deposited  in  the  branches 
of  the  vessels  in  growing  bone,  although  tuberculosis  also  occurs  dur- 
ing the  later  years  of  life,  and  may  be  met  with  even  in  extreme  old 
age.  The  poison  of  tuberculosis,  the  tubercle  bacilli,  are  generally 
carried  to  t)ie  bones  by  means  of  the  blood-vessels,  as  can  be  e««ilF 
proved  by  experiments  on  animals.  Injuries  of  bone,  as  we  remarked 
before,  favour  the  development  of  tnbercaloeiB.  Tuberculosis  of  bone 
may,  moreover,  be  due  to  the  direct  extension  to  the  latter  of  a  taber- 
cular  proceas  in  the  surrounding  tissues,  such  as  the  skin,  subcntaneom 
tissue,  tendon  sheathe,  synovial  membrane,  etc.  Tnbercalar  inflamma- 
tions of  the  vertebne  and  o£  the  bones  of  the  hands  and  feet  are  tk 
most  common. 

Auatomioal  ChangM  in  Tnbereuloaj  of  Bons.    Tubercu  oeia        bo 
almost  always  begins  with  the  fo  n  alion  o       rcumsc    bed    oc     n  tbt 
periosteum,  in  the  epiphyses  of  the      ng  bones,    n    he  medu   a,        n  il« 
spoiig-iosa  of  the  short  bones  (Fig.  35        ess   ommon  y   he  disease  i»  taoif 


trabecula  of  boot. 


diffiiso.  Tlie  tulwrcular  .oc us  often  remains  for  a  long  time  the  siaof* 
pea  oi'  a  biizel-niit.  and  then  enlarges  by  direct  extension  from  its  edgffi  ^ 
by  the  ilevelopinent  of  new  foci  in  tlie  region  surrounding  the  priWT 
oiii'.  The  indiviiliial  foci  then  coalesce,  and  thus  large  tubercular  «fMS 
originiite.    Nut  infrequently  several  distinct  foci  are  observed  in  one  uA 
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the  same  bone,  or  tubercular  inilammations  occur  in  difPerent  bones  at  the 
same  time  or  one  after  the  other.  The  tubercular  focus  is  made  up  of  the 
characteristic  tubercles  which  originate  from  the  lodgment  and  growth 
of  the  tubercle  bacilli,  and  have  been  minutely  described  on  page  415. 
Wherever  a  tubercle  focus  develops  in  bone  (Figs.  415  and  416),  caries 
results — i.  e.,  the  bone  disappears  in  the  form  of  lacunar  absorption  (see 
Fig.  401) — while  the  focus  itself  sooner  or  later  becomes  the  seat  of  a 
cheesy  degeneration  beginning  in  its  centre.  If  the  bone  has  not  been 
destroyed  at  the  time  that  caseation  of  the  tubercular  focus  occurs,  death  of 
the  bone  then  takes  place  in  toto — i.  e.,  a  so-called  tubercular  sequestrum 
forms  which  becomes  separated  from  the  surrounding  parts  by  a  demarcat- 
ing suppuration.  In  the  later  stages  the  tubercular  sequestrum  lies  com- 
pletely free  in  a  cavity  of  greater  or  less  size,  containing  cheesy,  flocculent 
pus,  with  or  without  fistulse  opening  externally  (Fig.  415).  In  general  the 
characteristic  tubercular  sequestrum  is  a  larger  or  smaller  caseated  concre- 
tion of  bone  through  which  has  grown  tubercular  or  caseous  granulation 
tissue.  Very  often  the  entire  tubercular  focus  becomes  softened  and  lique- 
fied in  toto  without  the  formation  of  a  sequestrum.  The  central  abscesses  of 
bone,  which  exist  for  years,  are  partly  due  to  tubercular  processes,  partly  to 
a  preceding  primary  acute  infectious  osteomyelitis,  and  partly  to  metastasis 
in  the  course  of  acute  infectious  diseases. 

A  reactive  formation  of  bone  often  takes  place  around  the  tubercular 
I  focus  in  the  bone  or  its  medulla,  causing  it  to  become  more  or  less  com- 
[^  pletely  enclosed  by  thickened,  sclerotic  bone  tissue.  In  the  pronounced  cases 
t  ^^  sclerosis  of  bone  the  bony  structure  becomes  as  dense  as  ivory  (so-called 
ebumatio  ossis),  and  the  medullary  cavity  may  be  completely  obliterated, 
^tit  in  other  instances  all  traces  of  reactive  hyperplasia  of  bone  are  absent, 
®^en  though  the  tubercular  inflammation  has  existed  for  years. 

In  some  cases  there  are  also  formed  sacculated   collections  of  pus — 

^M  abscesses — which  are  enclosed  in  a  characteristic  so-called  pyogenic 

'Membrane  consisting  of  connective  tissue  and  tubercular  granulation  tissue. 

•^e  abscesses  either  rupture  externally  in  the  region  where  they  originated, 

^^  the  force  of  gravity  causes  them  to  sink  lower.     In  the  case  of  tubercular 

''^ftammation  of  the  dorsal  vertebni?.  for  example,  they  descend  dlong  tlie 

^^t^rior  surface  of  the  vertebrae,  following  the  course  of  the  psoas  muscle, 

*'^<i  appear  beneath  Poupart's  ligament  (so-called  spinal  abscesses).     These 

*l*iiial  abscesses  extend  in  a  perfectly  typical  manner,  which  is  governed  by 

^'^^  anatomical  conditions — i.  e.,  they  follow  the  natural  spaces  between  the 

'^^^sixies  corresponding  to  the  arrangement  of  the  fasciae  and  aponeuroses. 

The  caries  which  accompanies  tuberculosis  is  often — in  the  case  of  the 
^^»*tebne,   for  example — very  considei-able.     In   con.sequence   of  this  there 
"^^Velops  in  the  back  the  so-called   kyphosis  or  Pott's   hump,  named  after 
^*i^  English  surgeon  Percival  Pott,  who  first  described  this  disease.     Marked 
^^«tructive  changes  also  take  place  in  the  small  bones  and'articular  ends  of 
^^e  long  ones,  leading  to  deformities  of  various  kinds,  with  subluxations  and 
Complete  dislocations  of  the  deformed  articular  extremities  of  the  bones.     In 
^e  fingers  and  toes  tuberculosis  usually  occui^s  as  a  tubercular  osteomyelitis, 
^th  a  spindle-shaped  enlargement  of  the  bone  (spina  ventoaa).     In  this  con- 
ation the  cortex  of  the  bone  becomes  constantly  thinner  in  consequence  of 
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the  tubercular  osteomyelitis,  while  at  the  same  time,  as  a  result  of  the  reactire 
periostitis,  osteophytes  are  formed.  Spina  ventosa  often  heals  without  sup- 
puration or  necrosis  having  taken  place,  and  with  a  spontaneous  and  com- 
plete restitutio  ad  integrum.  The  same  form  of  tuberculosis  also  occurs  in 
the  long  bones,  such  as  the  tibia  and  femur. 

The  most  common  site  of  bone  tuberculosis  in  the  long  bones,  whether 
located  in  the  periosteum  or  in  the  interior  of  the  bone,  is  in  the  region  of 
the  epiphyses.  This  is  the  reason  why  secondary  tuberculosis  of  tlie  joints 
is  so  common  (see  §  114,  Tuberculosis  of  Joints).  Tuberculosis  of  the  diaphy- 
sis  of  a  bone  is  comparatively  rare — a  fact  of  great  diagnostic  importance, 
especially  in  the  case  of  adults.  Consequently,  if  the  shaft  of  a  bone  is 
diseased,  particularly  in  an  adult,  we  think  of  syphilitic  or  some  other  bone 
disease  before  tuberculosis. 

As  regards  otlier  bones,  tuberculosis  is  especially  common  in  thebonesof 
the  skull,  in  the  orbital  portion  of  the  superior  maxilla,  in  the  ribs,  and  par 
ticularly  in  the  spinal  column  and  the  bones  of  the  carpus  and  tarsus. 

The  microscopical  changes  in  tuberculosis  of  bone  (Fig.  416)  are  the  same 
as  in  tubei'cular  inflammation  elsewhere.  Koch^s  tubercle  bacilli  will  be 
found  most  abundantly  where  the  tubercular  process  is  beginning,  the  best 
method  of  staining  being  that  of  Ehrlich's,  with  fuchsin  or  gentian  violet 
Nevertheless,  their  demonstration  in  tuberculosis  of  bone  is  sometimes  very 
difficult,  or  even  impassible — a  fact  which  we  noted  before.  In  tuberculoas 
of  bones  and  joints  Miiller  frequently  found  peculiar  bodies  resembling  fat 
drops,  which  not  uncommonly  were  surrounded  by  minute  granules,  and.  like 
these,  were  characterised  by  taking  on  a  deep  red  or  violet  stain.  Tbese 
bodies  probably  bear  some  relationship  to  the  bacilli. 

The  Clinical  Course  of  Bone  Tuberonlosia. — The  clinical  course  of 
tuberculosis  of  bone  is  usually  very  chronic.  There  are  often  symp- 
toms of  tuberculosis  in  other  organs — the  lungs,  for  instance — ^at  the 
same  time.  Heredity  is  important — i.  e.,  tubercnlosis  of  the  parenteor 
grandparents  or  other  near  relatives.  Quite  often  it  happens  that  for 
a  long  time  symptoms  peculiar  to  tuberculosis  of  bone  are  absent ;  severe 
pain  especially  may  long  be  missed,  unless  a  neighbouring  joint,  the 
periostenm,  or  overlying  parts  are  attacked  by  the  tubercular  iDllain- 
mation.  In  the  majority  of  instances  the  symptoms  pointing  to  tuber- 
cular inflammation  will  not  make  their  appearance  till  after  thedisea?e 
has  existed  for  months,  the  development  of  an  appreciable  tumour, par- 
ticularly if  the  tuberculosis  is  j^eriosteal,  being- the  first  intimation  of 
the  process.  But  even  if  the  tuberculosis  is  located  in  the  bone  or 
medullary  cavity,  an  appreciable  tumour  will  sometimes  be  formed  after 
several  months  in  consequence  of  a  thickening  of  the  bone,  wliile  in 
other  instances,  though  the  tul)erculosi8  may  have  existed  for  years,  all 
swelling  will  be  absent.  Under  these  conditions  the  diagnosis  can  often 
only  be  made  when  the  periosteum  begins  to  become  involved  in  the 
inflammation,  and  there  is  tenderness  on  pressure  over  the  area  i^ 
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question,  or  when  cedenia  of  the  ekin  is  present.  As  the  tnberctiloBis 
atlvaiices  tbe  symptoina  become  more  pronounced,  especially  the  swell- 
ing at  tbe  diseased  epot,  tbe  pain,  particularly  if  tbe  tubei'cnlosis  is 
located  in  tbe  medulla,  the  disturbance  of  function,  tbe  development 
of  Rstulte,  burrowing  of  pus,  etc.  Tlie  disturljance  of  function  is  most 
pronounced  in  tuberculosis  of  the  epiphysis  in  tbe  neigbbourbood  of  a 
large  joint  like  the  hip  or  knee.  The  tumefaction  accoinpanj-ing  tuber- 
cular infiltration  of  the  periosteum  or  medulla  is  either  due  to  osteo- 
phyte formation,  or  tbe  hone  is  puffed  out,  as  it  were,  by  tubercular 
osteomyelitis,  in  tbe  manner  which  we  described  as  occurring  in  spina 
ventosa  of  tbe  phalanges  of  the  fingers.  In  this  spina  ventosa  of  tbe 
fingers  the  bone  may  feel  firm,  or  elastic  and  thin.  After  a  certain 
length  of  time  the  tubercular  pus  works  its  way  outwards  and  breaks 
spontaneously  through  tbe  skin,  and  tbe  thin  liquid,  usually  mixed  with 
cheesy  floeculi,  is  discharged.  Fistulous  ulcere  with  a  cheesy  base  and 
undermined  edges  then  develop  from  tbe  fistultie.  If  a  probe  is  passed 
through  the  fistula  it  either  immediately  comes  in  contact  with  the 
iMjne,  or  penetrates  into  tbe  medullary  cavity.  The  other  secondary 
manifestations  of  tuberculosis,  the  cold  or  congestion  atiscesses,  etc., 
have  been  sufficiently  described,  and  we  need  only  call  attention  to  tbe 
fiict  that  the  latter  do  not  heal  up  until  the  original  focus  which  gave 
rise  to  them  has  disappeared.  Their  course  is  usually  very  tedious, 
especially  iu  tbe  case  of  tul>ercu1ar  infiammation  of  tbe  spine.  The 
tubercular  infiaramations  of  joints  are  discussed  in  §  114.  A  tubercu- 
lar deposit  in  the  periosteum  or  metlulla  of  an  epiphysis,  lying  in  im- 
mediate proximity  to  a  joint,  often  works  its  way  to  the  surface  ejira- 
arti'-ul-iirly^  and  leaves  the  joint  intact. 

Tbe  general  health  iu  tuberculosis  of  bone  is  very  often  but  little 
or  not  at  all  aJIected.  There  is  fre^juently  a  slight  fever,  varying  with 
the  extent  of  tbe  process.  It  is  a  common  occurrence  to  find  tliat  the 
general  health  is  only  slightly  distnrlied  even  when  extensive  multiple 
tiilierculosis  is  present.  In  general  tbe  fever  is  most  pronounced 
htfijre  the  tubercular  intlammation  has  extended  lieyond  the  bone,  but 
it  is  usually  slight,  and,  as  a  rule,  disappears  more  or  lees  completely 
when  tbe  intlanimation  has  workeil  its  way  to  the  surface  of  the  body. 
High  fever  is  most  likely  to  occur  in  case  of  secondary  infection  with 
piis  cocci. 

Diagnosis  of  Bone  Taberonlosu.— The  diag'nosis  of  tuberculosis  of  bon^is 
easy  in  the  (.■nsiMif  priniary  tuliercular  |>erioMlilts.  particularly  if  the  bone  is 
Bui>erflfiftl.  and  the  characteristic  swelling,  tenderness  on  pressure,  etc..  are 
present.  The  diagnnais  of  bone  tuberculosis  may  occasionally  be  doubtful 
for  some  time,  but  still  its  beginning  and  subsequent  course  in  different  parts 
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of  the  body,  as  we  shall  see  in  the  Regional  Surgery,  is  generally  so  typica 
that  the  diagnosis  is  not  very  difficult  (see  also  §  83,  Tuberculosis). 

Prognodfl  of  Bone  Tuberoulosi&^As  regards  the  termination  and  the 
prognosis  of  tuberculosis  of  bone,  I  must  refer  the  reader  to  what  has  been 
stated  in  §  83.  Suffice  it  to  say  that  the  location  of  tuberculosis  of  bone  plays  a 
very  important  part  as  regards  prognosis — i.  e.,  in  so  far  as  it  determines 
whether  the  existing  focus  can  be  completely  removed  by  operative  measures 
at  the  earliest  possible  stage,  or  whether  other  local  treatment,  such  as  iodo- 
form injections,  can  be  employed.  If  the  latter  is  impracticable,  as  maj 
often  be  the  case  in  tuberculosis  of  the  vertebrae,  spontaneous  recovery  can 
probably  only  take  place  when  the  focus  is  not  too  large.  In  the  majcnitj 
of  instances  the  tubercular  disease  steadily  progresses  or  very  often  leads  to 
tubercular  systemic  infection.  Recurrences  in  tuberculosis  are  pretty  com' 
mon,  and  permanent  cures  do  not  occur  so  frequently  as  many  euthusiastt 
believe  (see  §  83). 

The  Treatment  of  Tuberouloiis  of  Bone. — In  the  first  stages  of  a 
developing  tuberculosis  of  bone  the  treatment  is  purely  symptomatic 
(rest,  immobilising  dressings,  ice,  good  food,  fresh  air,  etc.).  k 
soon  as  possible  I  then  begin  in  suitable  cases  parenchymatoiu 
injections  of  sterilised  ten  per  cent,  iodoform  oil,  or  the  iodofonn 
glycerine  of  Bruns,  which  I  can  most  heartily  recommend  (two  to 
eight  grammes  every  two  to  four  weeks).  The  iodoform  and  oil  are 
sterilised  separately  by  heating  them  in  a  sterilising  apparatus  to  100" 
C.  (212°  F.) ;  the  sterilised  materials  are  then  cooled  and  made  into  a 
ten  per  cent,  iodoform  mixture  in  a  sterilised  vessel.  Instead  of  oL 
olivfle,  Bohm  recommends  ol.  amygd.  dulc,  in  which  is  dissolved  fiftr 
per  cent,  of  iodoform.  If  the  iodoform  oil  is  prepared  in  the  manner 
described  above,  we  avoid  the  injurious  effects  or  poisonous  manifesta- 
tions of  the  iodoform,  which  are  mainly  caused  by  the  liberation  of 
iodine.  The  latter  is  particularly  apt  to  be  set  free  if  the  iodofonn 
and  oil  are  sterilised  together  at  high  temperatures  when  in  the  fonn 
of  an  emulsion.  Lannelongue  praises  the  results  obtained  by  the  injec- 
tion of  strong  solutions  of  chloride  of  zinc  into  the  periphery  of  the 
tubercular  focus ;  a  contracting,  cicatrix-like  tissue  is  thus  produced, 
which  forms  an  obstruction  to  the  spread  of  the  tubercular  process  and 
causes  the  death  of  the  tubercular  focus.  I  have  little  to  say  in  favour 
of  parenchymatous  injections  of  three-per-cent.  solutions  of  carbolic 
acid  or  arsenic.  Nannotti  recommends  oil  of  cloves  (ten  per  cent, 
with  olive  oil) ;  Reboul,  naphthol  camphr6  obtained  by  mixing  and 
heating  one  hundred  parts  of  finely  powdered  /9-naphthol  with  twc 
hundred  parts  of  finely  powdered  Japan  camphor.  The  oily  liquid  o 
naphthol  camphre  is  insoluble  in  water,  but  miscible  with  fats,  ethei 
alcohol,  and  chloroform,  and  nmst  be  kept  in  a  dark  bottle.  Tl 
remedy  can  be  employed  in  various  ways — as  a  wash,  an  injection,  et 
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liouc'liard  states  that  its  toitic  dose  for  adults  is  about  two  hundred 
aud  tiftj  grammes.  For  other  remedies,  including  cinDaniic  acid,  eeo 
page  ■i'29. 

If  treatment  by  drugs  proves  unsuccessful,  and  a  distioct  focus  of 
disease  or  of  pus  is  present,  operative  treatment  should  be  undertaken — 
i.  e.,  tlie  tubercular  deposit  should  be  removed  us  soon  as  jx)B(-ib]e,  with 
strict  regard  to  aDtisepsis.  Operations  on  the  extremities  are  performed 
with  the  use  of  an  Esmarch  bandage,  which  renders  it  poseiltle  to  easily 
distinguish  the  healthy  from  the  diseased  parts.  A  free  incision  should 
always  be  made,  in  order  that  the  focus  may  be  inspected  througliout 
its  entire  extent.  Electric  illumination  is  often  useful  for  this  purpose. 
If  the  tuberculosis  is  in  the  medulla,  the  bone  should  be  ojiened  suf- 
ficiently with  the  chisel  and  hammer,  and  the  tuljeniular  focus  ener- 
getically scraped  out  with  the  sharp  spoon.  The  scraping-out  process 
must  be  continued  until  healthy,  firm  bone  is  reached.  Even  when 
the  entire  medullar^'  cavity  of  a  long  bone  has  to  he  thus  scraped  out, 
necrosis  will  not  occur  if  only  the  wound  in  the  bone  heals  aseptically. 
To  prevent  recurrences  and  to  render  speedy  recovery  possible,  exten- 
sive removal  of  the  hone  is  advisable,  leaving  only  a  thin  wall  of  cortex 
intact.  Free  sequestra  should  be  extracted  ;  infected  soft  parts  in  the 
neighbourhood  of  the  diseased  bone,  abscess  menibiranes,  etc.,  should 
likewise  be  removed  with  the  greatest  care  by  scissors  and  forceps. 
After  having  sc^ape^^  out  the  tuljerciilar  dejrasit  in  the  bone,  the  result- 
ing cavity  should  Ije  filled  with  ten  per  cent,  iodoform  oil  and  packed 
with  iodoform  gauze.  Billroth's  metliod  is  most  excellent  and  effica- 
cious. The  tubercular  cavity,  in  case  it  has  not  opened  externally 
Iwfore  the  operation,  is  immediately  filled  with  ten  i>er  cent,  iodoform 
oil  or  iotloform  glycerine,  and  hermetically  closed  after  all  tubercular 
tissue  has  been  removed  with  the  sharp  spoon.  The  iodoform  aets 
more  effectively  in  the  absence  of  air. 

If  any  recurrences  take  place,  they  are  soon  recognised  by  the  per- 
sistence of  flstulie  with  fungouB  tissue.  The  secondary  operation  should 
not  lie  delayed  too  long.  Operations  must  often  be  performed  two, 
three,  or  more  times,  with  short  intervals,  before  a  complete  cure  is 
obtained.  The  cold  abscess,  which  used  to  be  a  noii  ww  fitngere  to  the 
old  surgeona  on  account  of  the  pvfemia  which  so  frequently  followed 
the  operation,  must  always  lie  ojiened  at  the  earliest  possible  moment, 
scraped  out  and  drained ;  or,  after  evacnation  of  the  pus,  iodoform 
emulsion  may  Ite  injected  into  the  cavity  and  the  incision  closed  by 
sntures.  The  tnatment  of  tubercular  inflammations  of  joints  will  he 
discusse  1  under  the  subject  of  Diseases  of  Joints  (§  114).  The  indi- 
cations for  amputation  and  resection  are  deacribed  on  pages  HH  and 
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135.  All  operations  in  cases  of  tuberculosis  should  be  performed  with 
the  greatest  care  and  most  rigid  asepsis.  We  mentioned,  in  first  speak- 
ing of  tuberculosis,  that  general  miliary  tuberculosis  may  occasiooallj 
follow  operations  on  tubercular  foci,  as  well  as  vigorous  movements  of 
joints  affected  with  tubercular  disease. 

Iodoform  and  iodoform  gauze  are  the  best  materials  for  dressings 
in  cases  of  tuberculosis,  and  large  wounds  may  be  packed  with  tliem. 
Instead  of  packing  with  iodoform  gauze,  Schede's  plan  of  obtaining 
healing  under  an  aseptic  blood -clot  without  drainage  is  also  very 
serviceable  after  scraping  out  the  tubercular  deposit  (see  page  109). 

The  treatment  of  tuberculosis  of  bone  with  Koch's  tuberculin  is 
discussed  on  page  421.  I  have  obtained  no  permanent  cures  by  this 
means,  and  sometimes  matters  have  been  made  decidedly  worse.  Other 
surgeons  have  had  the  same  experience. 

In  tuberculosis  it  is  very  important  that  the  constitution  of  the 
patient  should  be  strengthened  by  energetic  general  treatment,  in  the 
manner  described  on  pages  429  and  434. 

The  Syphilitic  Diseases  of  Bone. — Syphilis  of  bone  occurs  in  the 
later  stages  of  the  disease  (§  84),  either  in  the  form  of  death  of  bone, 
as  caries  and  necrosis,  or  as  an  ossifying  inflammation  of  bone.  The 
inflammation  of  bone  characteristic  of  syphilis  is  the  gummatous  perios- 
titis and  osteomyelitis — i.  e.,  the  formation  of  gummata  or  syphiloraati 
in  the  periosteum  or  medulla.  The  periosteal  gummata  take  the  form 
of  flat,  elastic  swellings,  which  on  section  reveal  a  gelatinous  conast- 
ency.  In  the  later  stages  a  fatty,  cheesy,  or  a  suppurative  degenera- 
tion takes  place,  with  or  without  shrinkage,  to  firm  fibrous  thickenings. 
The  periosteal  gumma  is  very  apt  to  occur  on  the  skull,  and  also  not 
infrequently  in  the  periosteum  inside  the  cranial  cavity,  less  often  on 
the  clavicle,  and  rarely  on  the  diaphyses  of  the  long  bones.  The 
e{)iphyse8  of  the  latter  and  the  short  bones  are,  almost  without  excep- 
tion, exempt  from  gummata. 

The  osteoniyelitic  gummatous  nodes  are  soft  or  more  fibrous  gelat- 
inous formations,  varying  from  about  the  size  of  a  pea  to  that  of* 
nut,  and  usually  cheesy  in  the  centre.  They  are  sometimes  multiple, 
being  found,  for  example,  on  the  skull,  on  the  phalanges,  and,  accord- 
ing to  Chiari,  also  on  the  long  bones,  the  femur  and  tibia  being  the 
most  frequently  affected. 

Both  periosteal  and  osteorayelitic  gummata  destroy  the  bone  to  * 
greater  or  less  extent,  and  lead  to  a  varying  amount  of  superficial  of 
central  caries  with  necrosis.      In  consequence  of  this  death  of  bone 
fractures  readily  occur,  and  not  infrequently  are  followed  by  pseudar- 
throsis.     The  syphilitic  caries  with  necrosis  is  particularly  apt  to  mak< 
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its  appearance  on  the  sknll,  and  sometimes  is  very  extensive  (see 
R^onal  Surgery).  A  reactive  new  formation  of  bone  also  occurs  as 
iiesalt  of  the  gummatous  periostitis  and  osteomyelitis ;  it  leads  to  the 
levelopment  of  osteophytes  of  varying  dimensions,  and  also  to  hyper- 
at)phy  and  sclerosis  of  the  bone. 

The  gummata  either  disappear  under  appropriate  antisyphilitic 
Teatinent  by  becoming  gradually  absorbed  and  replaced  by  dense  cica- 
ricial  tissue  or  newly  formed  bone  tissue,  or  else  a  spreading  destruc- 
aoa  and  necrosis  of  bone  develops,  the  gummata  op)en  externally,  etc. 

Apart  from  the  reactive  development  of  new  bone  with  the  forma- 
tioQ  of  osteophytes  and  diffuse  hyperostoses  accompanying  gummata, 
there  is  also  an  independent  ossifying  syphilitic  ostitis,  a  periostitis 
ud  osteomyelitis,  which  occur  alone. 

In  congenital  syphDis  there  is  observed  a  characteristic  disease  of 
tbe  bones  in  the  neighbourhood  of  the  epiphyses,  consisting  in  some 
cages  in  an  abnormity  in  the  deposit  of  lime,  and  in  the  formation  of 
medullary  spaces  such  as  occurs  in  rhachitis.  This  syphilitic  rhachitis 
bnot  very  common.  But  in  other  cases  of  congenital  syphilis  a  very 
eharacteristic  localised  disease  is  present  in  the  epiphyses,  particularly 
in  the  part  near  the  articular  and  epiphyseal  cartilages.  This  syphilitic 
osteochondritis  of  infants,  first  described  by  Wegner,  is  in  fact  a  com- 
mon though  not  a  constant  manifestation  of  hereditary  syphilis.  The 
disease  consists  in  the  formation  of  greyish-red  or  yellowish-grey  foci 
mthe  medulla  of  the  epiphyses  in  the  neighbourhood  of  the  articular 
ind  epiphyseal  cartilages.  The  bone  becomes  replaced  by  a  soft  granu- 
lation tissue,  and  the  cartilage  itself  is  in  a  state  of  inflammatory 
growth.  Separation  of  the  epiphysis  sometimes  occurs  in  syphilitic 
osteochondritis,  as  it  does  after  acute  infectious  osteomyelitis.  Kasso- 
witz  found  this  condition  nine  times  in  thirty-three  cases.  Epiphyseal 
•eparations  have  also  not  infrequently  been  observed  in  still-born  syphi- 
litic children  (Haab,  Veraguth,  etc.),  but  under  these  circumstances  the 
reparations  may  possibly  have  been  caused  by  putrefactive  changes  as 
^11  as  by  the  syphilitic  osteochondritis. 

The  course  of  the  syphilitic  inflammations  of  bone,  which  occur 
Specially  in  the  later  so-called  tertiarj'  period  of  the  disease  and  in  the 
itees  which  have  been  improperly  treated,  is  for  the  most  part  very 
hronic  and  marked  by  frequent  relapses.  They  have  been  wrongly 
scribed  to  the  effects  of  mercury.  Ostitis  due  to  mercury  is  only  ob- 
3rved  as  a  result  of  salivation  ulcers  on  the  jaws.  Traumatism  appears 
>  play  an  important  part  in  flie  syphilitic  inflammations  of  bone.  The 
vere  pains  (dolores  osteocopi),  which  occur  princippJly  at  night,  are 
ten  characteristic. 
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The  treatment  of  the  syphilitic  inflammations  of  bone  consists  ; 
the  adoption  of  a  general  antisyphilitic  regimen  (see  §  84).  The  loc 
treatment  of  the  syphilitic  metastases  is  conducted  according  to  genen 
principles,  and  is  similar  to  that  briefly  described  for  tuberculoai 
of  bone. 

Chronic  Bone  Abscess.— We  have  made  repeated  mention  of  the  so- 
called  chronic  bone  abscess  which  occurs,  for  example,  after  acnte 
infectious  osteomyelitis  and  tuberculosis  of  bone.  It  is  always  infec- 
tious in  its  nature  and  arises  in  various  diseases,  and  is  not,  as  was 
once  believed,  an  independent  disease,  but  always  a  symptom  or  a 
result  of  a  pre-existing  specific  disease.  Hence  it  follows  that  the 
causes  of  abscess  of  bone  vary  greatly.  The  acute  suppurative  inflam- 
mations of  the  periosteum  and  medulla,  the  tubercular  and  the  syphi- 
litic inflammations  of  bone,  are  particularly  likely  to  give  rise  to 
the  development  of  chronic  bone  abscesses.  In  the  majority  of  cases 
.  acute  infectious  osteomyelitis  is  the  cause  of  chronic  bone  abscesses; 
the  pus  usually  contains  staphylococci  which  have  been  found  to  be 
virulent  even  after  the  abscess  has  existed  for  30  to  40  years.  Bloch 
has  reported  15  cases  of  chronic  bone  abscess  of  which  11  involved  the 
tibia ;  the  time  intervening  between  the  primary  disease  and  admission 
to  the  hospital  varied  from  4  months  to  42  years  (once  11  years,  once 
12  years,  once  14  years,  three  times  16  years,  once  20  years,  and  once 
42  years). 

The  symptomatology  and  treatment  of  abscess  of  bone  can  be 
inferred  from  what  has  been  said  concerning  acute  and  chronic  suppn- 
ration  of  bone. 

Other    Bone    Diseases:    Actinomycosis;    Olaaders.  —  Among  other 

chronic  diseases  of  bone,  I  should  mention  actinomycosis  and  the  dr- 

■  cumscribed  cheesy  or  suppurative  inflammations  which  occur  in  the 

periosteum  and  medulla  in  the  course  of  glanders.     Both  diseases  have 

been  described  in  §  78  and  §  86. 

Ostitis  deformans. — Ostitis  deformans,  first  described  in  1876  by 
Paget,  Czerny,  and  Recklinghausen,  is  a  chronic  infiammation  of  bone 
occurring  in  adults  in  which  the  bones  always  remain  intact.    It  in- 
volves the  long  bones,  the  skull,  the  vertebne,  and  the  pelvis,  and  i» 
characterized  by  hypertrophy  and   softening  of  the  bone,  soinetinie* 
painful  and  sometimes  painless,  and  resulting  in  a  bending  of  thefiara** 
Malignant  tumours  sometimes  develop.     Two  varieties  can  be  differen- 
tiated, a  painful  and  a  painless.     The  former  is,  the  more  common,  an^ 
begins  usually  in  the  lower  extremities,  ^th  thickening  and  subsequei 
bending  of  the  bone.     The  painless  variety  usually  begins  in  the  npp 
extremities  of  females.     The  disease  is  only  rarely  confined  to  m^ 
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bones.  Tliiberge  and  Jonclieraj  have  collected  60  eases  from  literature 
(4i»  from  the  English  and  15  from  the  French  literature).  The  average 
age  of  the  patients  was  about  50  years.  In  exceptional  cases  it  begins 
in  cliildhood.  The  etiology  of  tJie  affection,  which  is  in  fact  a  hone 
disease  sui  generic,  is  not  clear.  Recklinghausen  classities  the  disease 
closely  with  osteomalacia,  and  regards  it  as  a  decalcifying  process  in- 
volving the  entire  osseous  system,  vritli  attending  absorption  and  new- 
formation  of  bone.  Virchow  thinks  that  it  may  result  from  disturb- 
ances in  development.     The  treatment  is  symptomatic. 

§  lOfi.  Hecroai*  of  Bone.  — AVe  have  repeatedly  spoken  of  the  death 
or  necrosis  of  bone  or  of  a  certain  portion  of  bone  when  discnssing  the 
subject  of  Injuries  and  Inflammations  of  Bone. 

The  causes  of  necrosis  of  bone  are  sometimes  inflammatory  and 
sometimes  traumatic  in  tbeir  nature.  In  typical  necrosis  of  bone  there 
is  almost  always  an  interruption  of  the  afferent  flow  of  blood,  less  often 
a  direct  death  of  the  bone  substance.  Among  the  special  causes  of 
necrosis  the  diseases  of  the  periosteum  and  medulla  are  the  most  im- 
portant. Suppurative  periostitis  very  frequently  leads  to  necrosis ;  but 
every  suppurative  periostitis,  as  such,  will  not  cause  necrosis  of  hone 
until  it  has  existed  a  long  time  and  has  extended  to  the  contents  of 
the  Haversian  canals.  The  suppurative  periostitis  is  frequently  the 
result  of  a  necrosis  due  to  other  causes. 

Necrosis  is  also  produced  by  the  various  forms  of  ostitis  and  osteo- 
myelitis when  the  bone  tissue  becomes  unable  to  obtain  nourishment, 
owing  to  the  destruction  of  the  medulla  and  the  contents  of  the  Haver- 
sian canals.  In  this  class  of  cases  conies,  for  exanjple,  the  necrosis 
from  suppurative  osteomyelitis  and  tuberculosis  of  bone,  mentioned  in 
a  previous  chapter.  , 

Suppurative  inflammations  of  the  surrounding  parts  and  ulcerative 
processes  which  extend  to  and  desti'oy  the  periosteum  likewise  lead  to 
necrosis.  In  this  manner  is  caused,  for  example,  the  necrosis  of  the 
nasal  bones,  which  occurs  in  the  course  of  syphilis  from  the  extension 
of  ulceration  in  the  nasal  mucous  membrane  to  the  deeper  parts  (oza^na 
syphilitica). 

The  necrosis  occurring  in  the  course  of  typhoid  fever  and  the  acuta 
exanthemata  is  due  in  some  instances  to  metastatic  periostitis  and  osteo- 
myelitis, while  in  others  it  is  probably  a  kind  of  inanition  necrosis 
which  is  the  result  of  the  general  dieturlmnce  of  nutrition.  As  a  mat- 
ter of  fact  the  state  of  the  nutrition  of  such  individuals  is  generally 
extremely  ba<l,  and  they  suffer  for  the  same  reason  from  gangrene  of 
the  ears  and  nose. 

In  rare  instances  necrotic  foci  in  bone  originate  from  emboli.    Volk- 
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mann  saw  a  multiple  necrosis  of  the  astragalus  and  tibia  which  followed 
the  formation  of  coagula  on  the  mitral  valve  in  endocarditis.     In  these 
cases  we  generally  have  to  do  with  multiple  capillary  emboli,  and  in  tie 
case  of  infectious  processes  these  emboli  may  consist  of  micro-organ- 
isms which  have  entered  the  circulation.     Embolism  of  a  single  DDtrient 
artery  of  the  bone  would  probably  never  be  followed  by  appreciable  con- 
sequences, for  the  reason  that  a  collateral  circulation  readily  develops, 
and  the  l)lood  is  carried  to  the  bone  by  very  many  and  for  the  most 
part  very  small  vessels. 

The  phosphorus  necrosis,  first  described  by  Lorinser,  of  Vienna,  in 
1845,  is  extremely  interesting.  It  is  observed  in  people  employed  in 
the  manufacture  of  phosphorus  matches,  and  is  due  to  the  injorious 
effects  of  the  vapour  of  phosphorus.  Phosphorus  necrosis  only  affecte 
the  bones  of  the  face,  and  selects  the  jaw  almost  always — the  inferior 
maxilla  more  frequently  than  the  superior.  The  disease  regularly  be- 
gins with  inflammatory  disturbances  in  the  periosteum  (phospbonis 
periostitis,  Wegner),  especially  where  there  are  diseased  (carious)  teetL 
At  first  a  chronic  ossifying  periostitis  usually  develops,  then,  as  a  result 
of  infection  by  bacteria  in  the  oral  cavity,  suppuration  and  gangrene 
follow  between  the  periosteum  and  new  bone,  or  between  the  new  and 
old  bone.  Sometimes,  though  rarely,  the  disease  begins  immediately 
with  suppuration  and  necrosis  without  a  preceding  ossifying  periostitis. 
The  entire  lower  jaw  may  become  necrotic,  especially  if  the  process  is 
not  arrested  by  early  removal  of  the  focus  of  disease.  Ilackel  states 
that  the  average  duration  of  the  disease  from  the  time  the  periostitis 
begins  till  the  suppuration  and  necrosis  of  the  under  jaw,  for  example, 
ceases,  is,  when  the  disease  is  left  to  itself,  for  the  inferior  maxilla  two 
years  and  nine  and  a  half  months,  and  for  the  superior  maxilla  one  vear 
and  two  months.  Since  the  manufacture  of  phosphorus  matches  has  be- 
come less  extensive,  and  strict  hygienic  regulations  have  been  enforced 
in  the  factories,  phosphorus  necrosis  has  become  rare ;  but  it  still 
occurs  in  regions  such  as  the  Thuringian  Forest,  where  the  making  of 
phosphorus  matches  is  carried  on  as  a  family  industry. 

Necrosis  develops  after  a  traumatism,  particularly  if  portions  of  the 
bone  are  completely  torn  off  or  separated  from  their  attachment^-a 
fact  which  we  learned  when  discussing  fractures  (see  §  101).    We  stated 
at  that  time  that  in  fractures  which  heal  aseptically  and  in  those  which 
are  subcutaneous,  pieces  of  bone  which  have  l)een  completely  detached 
may  again  heal  in  place  and  not  undergo  necrosis.     After  sulx?utaneoua 
dislocation  of  the  astragalus,  Winiwarter  observed  total  necrosis  of  the 
bone  occur  in  two  instances  in  spite  of  its  having  been  carefulW  re- 
placed.    Furthermore,  when  a  bone  has  l>een  severely  splintered  and 
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crnsbed,  circuiuBcribed  necroeiB  is  particnlarlj  apt  to  develop  if  tbe 
trlerial  veeaele  in  the  medullary  space  or  narrow  Haversian  canals  are 
eompreseed — by  an  extravasation  of  blood,  for  example.  Traomatic 
ttparatioD  of  the  periosteam  laying  bare  the  bone  does  not  of  itself 
leid  to  necrosis,  hut  the  latter  will  develop  if  the  hone  becomes  dry 
fiom  long  contact  with  the  air,  or  if  suppuration  takes  place. 

Anatmnieal  Channel  in  FeoToeis ;  Separation  ofths  Seqneitnun  (Denuu^ 
ntion). — When  a  portion  of  a  hone  has  perished  it  is  gradually  sepa- 
nted  or  set  f ree  from  the  surroanding  living  bone  by  a  demarcating 
influnniation.  The  separation  of  the  dead  bone — the  demarcation,  as  it 
iicslled — is  designated  anatomically  as  a  granulating,  rarefying  ostitis, 
Ibe  bone  disappearing  by  lacunar  absorption  (see  Fig.  401)  along  the  line 
of  demarcation.  The  piece  of  hone,  after  it  has  become  completely  sepa- 
atBd,  is  called  a  sequestrum  (Fig.  417,  S).     The  outer,  periosteal,  cor- 


tical surface  of  the  sequestrum  ordinarily  remains  smooth,  while  the 
other  portions  of  the  sequestrum,  where  it  is  gradually  set  free  from 
the  living  bone  by  the  demarcation,  appear  rough  and  uneven,  just 
like  the  ivory  pegs  which  have  been  driven  into  a  bone  for  psendar- 
dineie(Bee  Fig.  412).  The  size  of  every  sequestmm  is  rendered  less 
(■y  this  corrosion  or  abrasion,  and,  in  fact,  small  sequestra,  like  small 
■plinters  of  hone  in  fractures,  may  be  completely  absorbed  if  there  is 
i«  snppnration  and  the  granulating  germinal  tissae  surrounds  them 
sloeely.  As  is  the  case  ifl  the  corrosion  of  the  ivory  pegs,  so  also  in 
'he  separation  of  the  sequestra  and  the  absorption  of  small  sequestra 
t  is  mainly  the  carbonic  acid,  resulting  from  tbe  metabolism  of  the 
^Jwnes,  which  in  the  free  state,  together  with  the  osteoclasts,  dissolves 
Ik  lime  salts.  The  length  of  time  occupied  bj'  the  process  of  demar- 
Wion  till  tbe  sequestrum  has  been  completely  separated  varies  greatly, 
lad  depends  upon  the  size  of  tbe  sequestrum  and  its  location.  The 
fftivity  of  the  separating  process  in  different  individuals  is  also  very 
iriable.  In  general  it  may  be  said  that  in  extensive  necrosis,  such  as 
e  total  necrosis  of  a  diaphysis,  the  sequestrum  requires  in  some  in- 
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atancee  from  three  to  five  months,  and  in  others  from  eight  to  ten 
twelve  months,  before  it  is  completely  separated.  Separation  tali 
place  more  rapidly  in  yonng  than  iB  old  patients. 

Hand  in  hand  with  the  separatioo  of  the  dead  portion  of  bone  i 
regeneration  proceeds  by  reactive  bone  formation — L  e,,  by  an  ossi^ 
periostitia  and  osteoinjelitis — as  i?  the  repair  of  fractures.  Throug 
the  action  of  the  periosteum  a  capsule  of  bone — the  inTolucmni,  i 
it  is  called—is  formed  around  the  sequestrum,  in  the  case  of  Decmi 
of  the  entire  diaphysis  (Fig.  41J,( 
and  Fig.  418,  &).  Thefistiibirfaic: 
lead  from  the  involucmm  to  th 
snrface  of  the  body  are  called  clw 
cffi,  an  expression  which  has  pasn 
out  of  use  at  the  present  tioM 
Through  these  cloacte,  or,  betta 
tistnlee,  the  pus  escapes  from  tli> 
cavity  containing  the  seqaectnin 
(Fig.  417,  a,  and  Fig.  418,  a] 
Large  defects  develop  especially  it 
those  parts  of  the  in  volacmm  when 
the  periosteum  has  perished  in  consequence  of  suppni^tion  or  a  tiw 
matism.  In  cases  of  central  necrosis — i.  e.,  necrosis  in  the  interiorof. 
bone — the  innermost  layers  of  the  involnerum  are,  of  course,  forme 
from  portions  of  the  old  intact  bone.  But  even  in  these  centn 
necroses  there  usually  occurs  a  reactive  ossifying  peri<»titis  with  & 
formation  of  fresh  layers  of  bone.  The  capabilities  of  regeneratio: 
pos£CBged  by  bone  (a  subject  which  has  been  thoroughly  investigata 
by  Oilier)  are  in  general  very  great,  and  a  necrosis  which  involveatb 
whole  of  a  long  bone  can  be  so  completely  compensated  for  that  m 
variations  from  the  normal  will  be  noticed.  But  occasionally  the  n 
generation  is  defective,  or  may  even  be  entirely  absent  and  permit  li" 
defect  to  persist.  Not  infrequently,  in  the  case  of  a  necrosis  inTolring 
the  diaphysis  of  a  long  Iwne  in  a  young  subject,  there  will  be  ob- 
served, in  conriefjucnce  of  the  irritation  of  the  epiphyseal  cartila^ 
an  increased  longitudinal  growth  causing  the  bone  in  questioii  *> 
become  two  to  three  centimetres  longer  than  the  corresponding  one  oo 
the  sound  side. 

Tarions  Kinds  of  Hecrosia  Distinguished  by  their  Location  and  SsM' 
— According  to  the  sttiiation  and  extent  of  the  necrosis  we  recognise 
superficial,  external,  or  peripheral  necrosis  in  contradistinction  to  tl 
above-mentioned  central  necrosis  occurring  in  the  interior  of  a  bot 
"We   also   recognise  a  jjartial   and   a  total   necrosis,    and   a  ranlti] 
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necrosis  occarring  in  different  portions  of  the  same  bone  or  in  sev- 
eral bones  of  the  same  skeleton.  The  necrosis  tubnlata  (Blasius)  with 
a  tubular-shaped  sequestrum  is  very  rare ;  the  internal  axis  of  the 
sequestrum  is  formed  of  living  bone  substance  which  is  firmly  con- 
nected with  the  old  bone.  Consequently  we  have  to  deal  with  tubu- 
lar sequestra  in  which  there  is  a  preservation  of  the  innermost  layers 
of  bone  or  a  considerable  regeneration  of  the  latter  by  an  ossifying 
periostitis. 

Symptomatology  and  Diagnosis  of  Hecrosis. — The  symptoms  caused 
by  neciosis  have  already  been  partly  described.  They  are  mainly  due 
to  the  demarcating  inflammation  and  regenerative  new  formation  of 
bone  for  casting  off  and  replacing  the  dead  portion,  which  come  more 
and  more  into  prominence  after  the  subsidence  of  the  primary  disease 
(periostitis,  osteomyelitis).  If  there  has  been  a  loss  of  substance  in 
the  overljnng  soft  parts  the  dead  bone  will  be  plainly  visible ;  but  if 
the  necrotic  bone  is  covered  by  soft  parts,  and  if  the  sequestrum 
is  deeply  situated,  the  bone  will  ordinarily  be  found  to  be  evenly 
thickened  at  the  affected  point,  as  a  result  of  the  ossifying  periostitis 
(Figs.  417,  418).  The  presence  of  fistulous  tracts,  which  usually 
discharge  only  a  little  pus,  is  another  symptom  of  necrosis  of  bone.  If 
A  oietal  probe  is  passed  through  these  fistulous  passages  it  will  usually 
strike  the  surface  of  the  sequestrum.  The  latter  feels  hard,  and  if 
percussed  with  the  probe  emits  a  tympanitic  sound.  In  the  case  of 
wperficial  or  total  necrosis  the  surface  of  the  sequestrum  is  smooth ;  if 
the  necrosis  is  central  the  surface  is  rough.  The  dead  bone  is  also 
I'Bcognisable  by  its  lack  of  blood,  and  by  its  white  colour  when  com- 
pared to  the  rosy  appearance  of  the  living  bone.  It  is  very  impor- 
tant, both  for  diagnosis  and  treatment,  to  determine  whether  the  se- 
questrum has  become  movable.  The  mobility  of  the  sequestrum  can 
be  ascertained  by  pressing  the  probe  firmly  against  it,  or  by  pass- 
ing two  probes  through  two  different  fistulas  down  to  the  sequestrum, 
or  finally  by  attempting  to  move  it  back  and  forth  by  means  of  a 
dressing  forceps.  Occasionally  a  sequestrum  which  has  become  entirely 
free  is  so  tightly  enclosed  that  it  is  impossible  to  demonstrate  its  mobil- 
ity. In  such  cases  the  separation  of  the  sequestrum  is  determined  by 
tte  duration  of  the  disease.  Necrosis  may  be  mistaken  for  those 
ceDtral  bone  diseases  which  lead  to  enlargement  of  the  bone  with  the 
formation  of  fistulne,  such  as  central  bone  abscesses  and  tumours  of 
bone,  and  then  particularly  for  caries.  The  typical  caries,  with  few 
exceptions,  as  we  saw,  is  a  tubercular  process,  and  is  very  often  com- 
bined with  necrosis.  The  tubercular  sequestra  usually  contain  cheesy 
tiasue  and  have  a  soft  feeling,  while  the  sequestra  of  ordinary  necrosis 
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appear  white  and  hard,  like  normal  bone.  The  pus  in  necroebis  a 
and  more  uiiicoid,  but  in  caries  it  is  a  thin  liquid  mixed  with  cheeky 
masees.  The  tigtulous  tracts  of  tuberculosis  generally  have  a  pale, 
Urdaceous  appearance,  and  if  a  probe  is  introduced  through  them  it 
strikes  against  soft,  crumbling  bone ;  while  io  necrosis  the  graoulations 
usually  have  a  vigorous,  healthy  appearance  and  bleed  easily,  and  the 
sequestrum  when  touched  by  the  probe  feels  hard.  Furthermore,  the 
development  of  the  two  diseases  is  different.  The  tubercular  caries 
begins  gradually,  and  mainly  affects  the  epiphyses  and  the  spongy 
bones,  while  the  typical  necrosis  ordinarily  develops  after  acute  or  sab- 
acute  inflammation  of  bone,  especially  the  long,  hollow  bones  (fenaur, 
tibia,  humerus). 

Treatment  <rf  KecroiiB. — The  treatment  of  necrosis  before  the  seques- 
trum has  BL-parated  is  purely  symptomatic,  and  consists  mainly  in  keep- 
ing the  fistulae  clean.  When  the  sequestruTii  has  liecome  completely 
free  it  must  be  removed  by  operation,  if  it  has  not  already  been  spon- 
taneously cast  off  or  out.  Even  large,  deeply  located  sequestra  can 
work  their  way  outwards  through  the  cloacee  and  come  to  lie  beneath 
the  akin,  which  they  then  gratlually  penetrate.  I  extracted  simply 
with  the  fingers,  in  the  case  of  a  twelve-year-old  boy,  a  large,  com- 
pletely separated  sequestrum  consisting  of  the  entire  thickness  of  the 
femur.  During  many  months  it  had  projected  several  centimetres 
from  the  soft  parts,  and  no  one  had  dared  remove  it.  As  a  rule,  only 
those  sequestra  which  are  completely  free  should  he  removed,  but 
there  are  a  few  exceptions  to  this.  In  the  case  of  phosjthorus  necrosis, 
for  instance,  the  foul  suppuration  compels  us  to  adopt  operative  meas- 
ures before  the  sequestrum  has  liecome  completely  separated,  and  early 
resection — i.  e.,  early  removal  of  the  primary  focus  of  disease — should 
be  undertaken  to  shorten  the  process  and  to  prevent  it  from  extending 
further.  If  the  disease  is  left  to  itself,  the  entire  lower  jaw  perishes, 
according  to  Hackel,  in  seventy-nine  percent,  of  the  cases.  Inordinary 
necrosis  we  must  wait  for  the  separation  of  the  sequestrum  to  become 
complete,  for  the  reasoo  that  the  loss  of  substance  will  have  been 
replaced  by  a  new  formation  of  bone,  and  titat  if  we  operate  before  the 
separation  is  complete  we  are  liable  to  remove  too  much  of  the  healthy 
bone,  or  possibly  too  little  of  that  which  is  dead.  In  doiibtful  cases, 
where  the  mobility  of  the  sequestrum  cannot  be  determined,  the  length 
of  time  the  process  has  lasted  must  be  taken  into  consideration  in 
deciding  whether  or  not  operative  removal  of  the  sequestrum  should 
be  undertaken.  On  the  other  hand,  when  the  necrosis  in  extensive, 
though  the  seijiiestrum  he  free,  the  operation  should  be  postponed  if 
the  new  formation  of  bone  is  too  scanty. 
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e  OpentiTa  EBinoT«l  of  the  Bequettrnm  (SeqaMtrotomy). — If  the 
is  is  not  encapsulated,  the  fistulfe  are  eiuiply  enlarged  to  tlie 
ary  amount  with  the  knife  and  the  Eequeetmm  extracted  with 

e  forceps,  such  as  a  dressing  forceps.  If  the  sequestrnm  is 
nlated   by   an   involu- 

the  latter  must  he 
I  with  the  hammer  and 

after  freely  dividing 
ft  parts  and  elevating 
ioeteiim.  An  Esniarch 
je  should  be  used  for 
:tremities.  After  ex- 
n  of  the  sequestrum 
Hty  in  the  bone  should 
>rougbly  scraped  out, 
en  either  packed  with 
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toft  parts  closed  almost 
Y  by  sutures,  after  pro- 

for  drainage.  If  the 
is  left  to  granulate, 
finJng-over  process  can 
stened  later  on  by 
uisplantation  of  skin. 
^*8  method  of  obtain- 
iling  under  an  aseptic 
;lot  (see  page  109)  is 
Kxl-^i.  e.,  the  wound 
soft  parts  is  closed 
rres  without  drainage, 

leave  one  angle  open  oiuy. 

nns  of  escape  for  any 
)  accumulation  of  fluid.     To  prevent  recurrences  and  to  obtain 

recovery,  the  involucrum  should  be  removed,  as  Eiedel  rightly 
atil  only  a  wall  of  cortex  remains  in  the  form  of  a  flat  gutter, 
operation  has  been  performed  with  an  Ksmarcb  bandage,  anti- 
iressings  exerting  pressure  should  be  applied,  and  the  extremity 
d,  before  the  rubber  tourniquet  is  removed;  the  limb  should 
i  kept  elevated  for  the  next  twelve  to  twenty-fonr  hours.  It  is 
mportant   that   the   extremity  which  has  been  operated  upon 

l>e  immobilised  as  much  as  possible  by  a  splint.     If  flstulie 

they  must  be  thoroughly  scraped  out,  and  the  sequeetrotomy, 


sequeswotoiny. 
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when  necessary,  repeated  for  the  extraction  of  any  other  sequestra 
which  may  be  present.  Sequestrotomy  is  not  at  all  a  dangerous  opera- 
tion if  performed  with  antiseptic  precautions. 

Liicke  and  Bier  have  recommended  a  new  method  for  sequestrot- 
omy which  is  called  osteoplastic  necrotomy  (Fig.  419).  In  the  first 
place,  the  incisions  a  c,  a  b,  and  c  d  are  made  through  the  soft  parts, 
then  the  bone,  which  in  Fig.  419  is  the  tibia,  is  cut  half  through 
transversely  with  a  keyhole  saw  and  divided  with  the  chisel  in  the  line 
of  the  longitudinal  incision.  By  depressing  the  handle  of  the  chisel 
the  skin-periosteal-bone  flap  thus  fashioned  is  broken  through  along 
the  line  where  it  still  remains  joined  to  the  rest  of  the  cortex,  and  is 
turned  back  like  the  lid  of  a  box,  exposing  the  cavity  containing  the 
sequestrum  (see  Fig.  419).  After  removing  the  sequestrum  and  scrap- 
ing out  and  disinfecting  the  cavity,  the  cover  is  replaced,  and  the 
wound  in  the  soft  parts  closed  immediately  or  by  secondary  sutures 
applied  after  the  wound  has  first  been  packed.  Recovery  usually  takes 
place  with  slight  suppuration.  In  cases  where  after  removal  of  the 
sequestrum  a  defect  in  the  bone  has  resulted  in  consequence  of  incom- 
plete formation  of  the  involucrum,  the  defect  is  treated  by  the  methods 
described  on  pages  607  and  629. 

§  107.  Spontaneous  (Inflammatory)  Separations  of  the  Epiphywi- 
The  spontaneous  (inflammatory)  separations  of  the  epiphyses  vhich 
occur  in  the  bones  of  young  subjects  at  the  cartilaginous  junctions 
with  the  diaphyses  have  already  been  discussed  under  the  subject  of 
Suppurative  Periostitis  and  Osteomyelitis.  As  a  matter  of  fact,  the 
spontaneous  separation  of  an  epiphysis  from  the  bone  is  almost  always 
secondary  to  suppurative  inflammation  of  the  periosteum,  the  marrow 
of  the  bone,  or  the  joint.  But  occasionally  the  epiphyseal  separation 
is  due  to  primary  inflammation  at  the  cartilaginous  symphysis,  as,  for 
example,  is  the  case  in  the  osteochondritis  luetica  occurring  in  the 
course  of  syphilis.  Multiple  epiphyseal  separations  affecting  several 
bones  have  been  observed  in  pyaemia.  The  non-suppurative-spon- 
taneous  epiphyseal  separation  is  very  rare,  and  when  it  does  take  place 
may  be  due,  according  to  Poupart,  Petit,  and  Yolkmann,  to  a  hsemor- 
rhagic  malacia  of  the  epiphyseal  cartilages  occurring  in  scurvy.  The 
osteochondritis  dissecans  described  by  Konig,  the  nature  of  which  is 
obscure,  also  sometimes  leads  to  complete  separation,  for  exampki 
of  the  head  of  the  femur  from  its  neck,  without  any  traumatism 
having  been  received,  and  even  occurs  in  people  from  thirty  to  forty 
years  of  age. 

According  to  Yolkmann,  the  typical  spontaneous  separation  of 
the  epiphysis  is  generally  observed  before  the  fifteenth  year,  and  do 
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case  lias  been  recorded  wliere  it  happened  later  than  the  twcDtieth 
year.  It  is  well  known  that  the  cartilage  between  the  epiphvBes  and 
iliaphyaes  pereiBts  till  about  the  twentieth  to  twenty-second  to  twenty- 
fourth  year  of  life,  the  epiphyses  joining  with  the  diaphyses  some- 
what earlier  in  women  than  in  men.  Separation  of  tlie  epiphyfiis  is  , 
most  eomtnon  at  the  lower  end  of  the  femur  and  the  upper  end  of  the 
tibia. 

Traumatic  separations  of  the  epiphysis  are  described  on  pages  597   ' 
and  012. 

The  symptoms  of  epiphyseal  separation  are  in  the  main  those  of  a 
fracture,  and  repair  takes  place  in  precisely  the  same  way.  We  have 
discussed  on  page  612  the  occurrence  of  disturbances  of  growth  after 
bony  consolidation  of  the  epiphyseal  line.  It  need  only  be  briefly 
stated  here  that  in  two  cases  of  suppurative  separation  of  the  upper 
epiphysis  of  the  tibia  in  comparatively  young  children,  Blasius  and 
Volkmann  were  able  snbsequently  to  demonstrate  no  shortening  after 
the  growth  of  the  body  had  been  completed. 

The  treatment  of  separations  of  tho  epiphyses  is  conducted  accord- 
ing to  the  mles  which  govern  the  treatment  of  simple  and  compound 
fractures,  and  is  the  same  as  that  for  traumatic  separations,  which  was 
given  in  §  101. 

§  lOS.  Bhaohitit. — Ehachitis  (from  pax^,  the  spine)  is  a  general  dis- 
turbance of  nutrition  wliich  occurs  in  early  childhood,  and  anatouiicnlly 
is  characterised  mainly  by  the  formation  of  bone  which  is  deficient  in 
lime,  and  by  an  increased  absorption  of  bone.  Therefore  the  bonee 
affected  by  rickets  are  abnormally  soft  and  have  a  tendency  to  i>end, 
to  suffer  infractions;  and  the  epiphyseal  cartilages  are  remarkably 
thick — a  peculiarity  which  has  given  the  disease  the  name  of  doj^pelte 
Glieder  (double  limbs).  Rhachitis  is  a  disease  affecting  the  develop- 
ment of  bone,  and  a  true  disease  of  childhood,  most  commonly  begin- 
ning in  the  first  or  second  year  of  life,  very  rarely  after  the  fifth  or 
sixth.  According  to  Schwartz,  pronounced  rickets  is  often  ob&erved 
in  infants,  and  the  investigations  of  Kassowitz  show  that  it  frequently 
logins  during  the  latter  months  of  foetal  life,  in  consequence  of  the 
transmission  of  morbid  stimuli,  or  as  a  result  of  deficient  absorption  of 
lime  from  the  maternal  circulation,  and  then  during  the  months  imme- 
diately following  birth  the  symptoms  of  the  affection  become  more  and 
more  marked.  Hereditary  syphilis  is,  iu  my  opinion,  a  predisposing 
factor  in  the  etiology  of  rhachitis.  In  the  Vienna  obstetrical  clinic, 
among  five  hundred  children,  Schwartz  found  SO.B  (>er  cent,  to  be 
rhachitic,  and  the  great  majority  of  the  mothers  of  these  rhaclutic 
children  bad  lived  under  improper  dietetic  and  liygienic  conditions, 


k 


664  INJUBIES  AND  SUBOICAL  DISEASES  OF  BONE. 

aud  during  their  pregnancy  had  done  hard  work.  Marchand,  Kanf- 
mann  and  others  claim  that  a  great  many  of  the  cases  of  so-called 
foetal  rhachiti8  arc  not  real  rickets.  Marchand  has  accordiaglj  pro-  . 
poeed  for  theso  cases  the  name  micromelii 
chondromalacia,  and  Eaufmann  chondro-  ' 
dystrophia  foetalis.  The  foetal  cartilage  is 
the  site  of  the  disease  or  malformation,  and 
depending  upon  the  condition  of  the  nme 
Eaufmann  distinguiBbcd  (1)  chondrodjB-  ; 
trophia  malacia,  (2)  chondrodrstropbia  h- 
poplastica,  and  (3)  cbondrodjstrophia  hj- 
perplastica.  The  disease  is  soiiietime«  be- 
reditarj.  Infantile  rhachitis  is  sometimes 
combined,  particularly  in  the  first  jearsuf 
life,  with  symptoms  of  scurvy,  viz.,  hsfiu- 
orrhages  in  the  periosteum,  the  gums,  tbe 
skin,  the  intestine,  the  bladder,  mucoiii 
membranes,  ventricles  of  the  vein,  etc. 
_^^^^  ^^  ^  This  affection  (Barlow's  or  MoUer's  diiem] 
Wt     "  vBlk^iP'       ^  probably  a  specific  cachexia. 

*  ■  '^KVKJ'^^Wr!^  iJtMtottaetl  ChangM  in.  Hhachitia— Tbt 

anatomical  changes  in  rickets  have  nccnllT 
been  studied  by  Virchow,  Kassowitz.  Baginstv. 
and  others.  Kassowitz  ascribes  all  ihe  uuii- 
feetations  of  rhachitis  to  chronic  inflamTuatorr 
changes  at  the  boundary  hne  between  ihefcelal 
and  infant  bone — i.  e.,  to  an  abnomiall;  in- 
creased vascularisation  of  the  tissues  whirbp 
to  form  bone.  As  a  result  of  this  byperaioia, 
and  the  numerous  chiefly  new-formed  vessels 
at  the  eptphjrses  in  the  perioateum  and  mtdiilla. 
there  occurs  a  growth  of  the  epiphyseal  at- 
tilages,  a  diminished  deposit  of  lime  salU  and 
ao  increased  absorption  of  the  fully  formed 
bone.  The  bone  under);;oes  a  lacuoar  absorp- 
tion (Fig.  401),  osteoclasts  being  present  and. 
B  I  have  stated  before,  is  probably  diasolnd 
by  carbonic  acid.  Rhachitic  bone  is  poor  ia 
lime,  and  the  newly  formed  bone  remains  (w 
a  long  time  in  the  uncalciSed  state.  Not  till 
the  rhachitis  has  run  its  course  does  the  gronnd 
substance  of  the  bone  become  completely  calcified,  and  then  usually  to  ui 
extreme  <legTce,  so  that  the  affected  bone  appears  thickened  and  very  hud 
— sclerosed.  The  changes  at  the  epiphj-ses  are  very  characteristic.  Under 
normal  conditions  the  epiphysis  is  defined  by  a  plain  white  line,  cartilage 
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leing  sharply  differentiated  from  one  another.  But  in  rhachitis 
r  defined  linear  boundary  is  absent,  and  the  different  tissues,  the 
one,  and  medulla,  appear  as  though  blended  together  mthout  any 
;.  421).  The  cartilaginous  epiphyseal  line  is  broadened  and  irregu- 
indary  between  cartilage,  bone,  and  medullary  tissue  is  not  well 
d  the  Eone  of  calcification  at  the  points  of  osaiflcatiou  is  absent  or 
The  most  important  factors  in  the  process  are  always  the  iiisuf- 
isil  of  lime  salts  and  llie  increased  absorption  of  the  bone  already 
iaginsky  states  that  rhachitic  bone  has  lost  more  than  three 
the  lime  it  contains.  Rhachitic  bones  are  so  soft  that  they  can 
It  with  a  knife,  and.  in  consequence  of  this  softness,  deformitiea 
■ton  occur.  In  older  children 
s  in  the  thorax,  the  vertebrte, 
ities  are  more  prominent  than 
le  skull.    Bow-shaped  c 


hschitic  deformitieii  of  the  leg. 


oeteoliim;  of  the  femur  hi 


the  bones  of  the  extremities,  or,  more  commonly,  angular  deformi- 
■nds  of  the  diaphyses  (Fig.  422)  with  thickening  of  the  epiphyses, 
are  loose,  abnormally  movable,  and  painful.  At  the  knee  joint, 
e,  there  is  very  often  a  considerable  abduction  or  adduction  and 
the  leg  in  consequence  of  the  relaxation  of  the  ligaments  of  the 
he  rhachitic  curvature  which  exists  in  the  tibia  and  femur  (genu 
i  genu  varum  rhachiticum).  At  the  hip  joint  the  rhachitic  bend- 
neck  of  the  femur  is  to  be  noted.  In  the  foot  the  so-called  "  flat 
ops.  etc.  This  relaxation  of  the  joints  and  softness  of  the  bones 
ions  why  rhachitic  cliildron  lake  so  long  to  stand  and  walk,  and 
ose  their  ability  to  perform  these  acts  in  recurrent  rliachitis  or 
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rhachiiis  of  late  development  The  pelvic  walls  sink  inward,  causing  the 
■cavity  to  become  contracted,  the  promontory  of  the  sacrum  projects  down- 
wards and  forwards,  the  acetabular  region  is  pushed  inwards,  the  symphysig 
forwards.  Curvatiu-es  develop  in  the  vertebrae  (scoliosis,  kyphosis),  and  the 
thorax,  particularly  at  the  points  where  the  ribs  join  the  costal  cartilages, 
becomes  depressed,  so  that  in  severe  cases  the  sternum  is  pushed  forwards 
(the  so-called  '*  chicken  breast,''  or  pectus  carinatum).  In  the  skidl,  espe- 
cially in  the  occipital  region,  the  bones  remain  for  a  very  long  time  soft  and 
yielding  to  pressure,  and,  as  a  result  of  the  loss  of  bone  substance,  some  po^ 
tions  may  again  become  membranous  (cranio-tabes  rhachitica).  The  cutting 
of  the  teeth  is  delayed,  and  after  the  disease  has  been  cured  they  often  come 
through  precipitately.  The  longitudinal  growth  and  body  weight  are  lea 
than  they  normally  should  be.  Bouchat  states  that  rhachitic  children  only 
^pow  about  two  to  three  centimetres  in  a  year,  while  the  average  longitudi- 
nal growth  in  health  amounts  to  about  seven  to  eight  centimetres. 

Among  anomalies  of  internal  organs  are  to  be  mentioned  disturbances  of 
the  central  nervous  system  and  of  the  circulatory  and  digestive  organs,  such 
as,  for  example,  hypertrophy  or  sclerosis  of  the  brain,  and  chronic  hydro- 
cephalus. The  spasm  of  the  glottis,  which  is  so  common  in  rhachitic  chil- 
dren, is  probably  caused  by  a  general  or  a  reflex  anaemia.  Disturbances  of 
digestion  (dyspepsia,  diarrhoea  alternating  with  constipation),  chronic  bron- 
chitis, lobular  pneumonia,  etc.,  are  very  common.  The  liver  is  very  often 
decreased  in  size ;  the  spleen,  on  the  other  hand,  is  usually  but  not  always 
enlarged,  and  sometimes  attains  enormous  dimensions.  The  skin,  mucous 
membranes,  lymph  glands,  etc.,  often  show  the  same  disturbances  of  nutri- 
tion as  in  scrofula  (see  page  433).  In  the  form  of  rhachitis  appearing  some- 
what later  in  life  (rhachitis  tarda),  Levrat  (Lyon)  very  often  observed  goitre. 

Analyses  of  the  urine  show,  according  to  Baginsky,  that  (1)  a  healthy 
child  retains  more  nitrogen  in  its  system  than  a  rhachitic  one,  and  excretes 
phosphoric  acid  more  freely  in  the  urine ;  (2)  that  under  the  influence  of 
dyspeptic  conditions  the  rhachitic  child  excretes  nitrogen  in  the  urine  more 
readily  than  the  healthy  child,  and  retains  phosphoric  acid ;  (3)  that  no  dif- 
ference can  be  made  out  between  healthy  and  rhachitic  children  as  regards 
the  excretion  in  the  urine  of  lime  and  magnesium ;  (4)  that  the  relative 
amount  of  chlorine  excreted  in  the  urine  of  healthy  children  is  greater  than 
in  that  of  rhachitic  children.  As  regards  the  excretion  of  phosphorus  or  phos- 
phoric acid  in  the  urine  of  rhachitic  children,  the  statements  of  authorities 
vary  greatly ;  but  as  a  general  thing  the  majority  of  German  authorities 
declare  that  theiHi  is  a  diminution  of  the  phosphoric  acid  in  the  urine  (hypo- 
phosphouria)  in  rickets ;  while  the  majority  of  French  authorities  maintain 
that  there  is  an  increase  (hyperphosphouria). 

Tlie  analysis  of  the  ash  of  the  fjeces  shows  that  more  lime  is  excreted  in 
the  stools  of  rliaohitic  children  (to  one  kilogramme  of  body  weight)  than  is 
noriiuilly  the  case,  and  that  the  excretion  of  phosphoric  acid,  as  compared 
with  that  in  health,  is  not  increased.     The  careful  investigations  of  Baheatt 
show  that  an  abnormal  amount  of  lime  is  excreted  only  in  the  developmental 
period  of  rickets ;  this  occurs  through  the  urine  in  case  of  imperfect  assimilt* 
tion  of  the  lime  in  the  bone,  or  through  the  faeces  in  consequence  of  insuffi* 
cieut  absorption  of  lime  by  the  intestine. 
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The  Etiology  of  Ahachitu. — The  cause  of  rickets — which  we  have 
learned  to  recogniee  aa  a  geoeral  diKturbance  of  nutrition  in  children, 
mainly  localised  in  the  l)ony  evBtem — has  been  made  the  subject  of 
much  esperimental  investigation.  The  majority  of  the  autiioritiea 
ascribe  the  cause  of  rhavhitis  to  malnutrition.  As  a  matter  of  fact,  we 
know  that  a  proper  supply  of  the  salts  of  the  alkalies  and  of  the  earthy 
salts  is  of  the  greatest  importance  for  the  nutrition  of  all  the  tissues. 
Chossat  and  others  have  demonstrated  by  experiments  on  young  grow- 
ing animals  that  by  feeding  them  with  food  deficient  in  lime,  young 
birds  and  dogs,  for  example,  sliow  changes  which  are  analogous  to 
those  in  rhachitis ;  but  the  diminished  absorption  of  lime  should  not  be 
so  much  emphasized  as  the  general  insufficient  nourishment  and  care 
of  the  child.  Baginsky,  whose  careful  investigations  include  627  cases 
of  rickets  (347  boys  and  2S0  girls),  also  states  that  the  disease  is  a  result 
of  unfavourable  conditions  of  life,  especially  deficient  nourishment,  bad 
dwelhngs,  etc.  Rhachitis  is,  in  fact,  a  disease  of  the  poor,  particularly 
in  large  cities,  and  occurs  less  often  in  the  country,  as  Morgan  and 
Baxter  have  recently  proved  by  extensive  statistics.  Billroth  and  Wini- 
warter maintain  that  in  Vienna  about  eighty  per  cent,  of  the  children 
of  the  poorer  classes  show  symptoms  of  rickets.  Children  who  are 
brought  up  by  bad  artificial  feeding  without  being  nursed  at  the  breast, 
and  who  have  disorders  of  digestion,  are  particularly  apt  to  be  affected 
with  rickets.  According  to  R.  L.  Lee,  preceding  respiratory  disturb- 
ances due  to  bronchitis,  pneumonia,  whooping-cough,  etc.,  are  also  of 
great  etiological  importance.  Furthermore,  we  saw  on  page  663  that 
the  syphilitic  poison,  and  possibly  also  other  hematogenous  dyscrasise, 
excite  changes  at  the  epiphyseal  junctions  which  are  similar  to  those  of 
true  rhachitis;  and  doubtless  rickety  children  suffer  from  hereditary 
Gvphihs  more  often  than  Is  generally  supposed.  Rickets  is  perhaps 
mainly  an  infectious  disease;  the  poisons  prevent  a  sutficient  and  per- 
manent union  of  the  lime  salts  with  the  tissue  from  which  bone  is 
formed. 

The  Course  of  Kbaohitis  is  for  the  most  part  chronic,  more  rarely 
acute,  and  the  earlier  the  rhachitis  occurs  the  more  rapid,  as  a  general 
thing,  is  its  course.  Thus  the  rare  cases  of  congenital  rickets  run  a 
very  rapid  course;  and  of  the  children  affected  by  the  disease  during 
the  months  inmiodiately  following  birth,  a  large  part  jwrish  from  in- 
creasing inanition  dne  to  unfavourable  hygienic  conditions.  But  if 
the  causative  factors  are  removed,  and  the  children  properly  fed  and 
their  surroundings  improved,  the  disease  usually  disappears  rapidly — 
in  the  milder  cascs  within  live  to  six  months,  and  in  the  more  severe 
ODBB  within  two  to  three  years.     Occasionally  the  disease  drags  on  till 
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the  fifth  or  sixth  year ;  cases  lasting  longer  than  this  are  very  rare,   lij 
the  cases  of  acute  rhachitis  there  are  sometimes  complicating  disturb, 
ances  of  nutrition,  particularly  scurvy,  which  may  occur  simultaneoiw/j 
with  the  rickets  (Th.  Smith,  Barlow,  etc.). 


The  Diagnosis  of  Bhachitis,  as  a  rule,  is  very  easy,  for  the  reason  that  the 
aboveKlescribed  anatomical  changes  in  the  skeleton  are  pathognomonic.  It 
should  be  a  rule,  in  making  an  examination,  to  undress  completely  all  chil- 
dren suffering  from  chronic  disease. 

The  Prognosis,  if  proper  treatment  is  adopted,  is  favourable,  as  we  hare 
said  before.  But  if  the  unfavourable  conditions  continue,  a  large  proportion 
of  rhachitic  children  perish  from  diseases  of  the  intestinal  tract,  of  the  respira- 
tory organs,  from  hydrocephalus,  general  inanition,  etc. 


The  Treatment  of  Ehaohitis  consists,  in  the  first  place,  in  the 
ministration  of  proper  food  to  the  child,  and  in  doing  away  as  soon  as 
possible  with  all  unfavourable  hygienic  conditions.  Inasmuch  as  recent 
investigations  show  that  rhachitis  is  of  such  common  occurrence  in 
young  infants,  they  must  always  be  carefully  examined  for  its  presence, 
and  in  cases  where  the  disease  is  found  the  proper  treatment  must  be 
begun  early.  The  best  food  for  suckling  children  is  mothers'  milk  or 
good  cows'  milk  sterilised  by  Soxhlet's  apparatus.  Nursing  the  child 
longer  than  the  first  year  of  its  life,  Baginsky  states,  is  just  as  apt  to 
cause  rickets  as  is  the  administration  at  too  early  a  period  of  starchv  or 
indigestible  food.  All  disorders  of  digestion  and  other  complications 
in  rhachitic  children  should  be  carefully  treated  according  to  the  gen- 
eral rules  which  apply  to  them.  Internally,  cod-liver  oil,  iroD,  lime, 
phosphorus,  arsenic,  and  pyrogallic  acid  have  been  recommended  for 
rhachitis,  but  in  their  administration  the  state  of  the  digestive  organs 
must  be  taken  into  consideration.  Cod-liver  oil,  which  may  be  com- 
bined  with  extract  of  malt,  is  useful  for  children  who  are  not  fat,  espe- 
cially in  winter.  Lime  is  given  in  the  form  of  liquor  calcis  added  to 
milk,  or  in  a  mixture  made  of  carbonate  and  phosphate  of  calcium  ^th 
ferri  oxyd.  sacch.  (ferri  carb.  sacch.),  equal  parts  of  each,  enough  to 
cover  the  point  of  a  knife,  three  times  a  day.  On  account  of  its  osteo- 
plastic action  the  administration  of  phosphorus  has  recently  be§n 
recommended  for  rhachitis  by  Wegner  and  Kassowitz.  It  is  given 
(1  milligramme  j}ro  die)  in  cod-liver  oil  (0.01  gramme  phosphor.,  K^OO. 
cubic  centimetres  ol.  morrhuae,  one  to  two  teaspoonfuls  a  day),  or  in 
pill  form  with  oil  of  phosphorus  and  some  indiflFerent  powder  enclo^ 
in  gelatine  capsules.  Maas  and  others  maintain  that  arsenic  andpyf^^ 
gallic  acid  have  also  an  osteoplastic  action  like  phosphorus.  Three  per 
cent,  brine  baths,  sea  baths,  health  resorts  situated  on  high  land,  and 
proper  climate  have  as  valuable  an  influence  upon  rickets  as  theyhavft 
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upon  ecrofnlft  'see  page  434),  To  prevent  as  far  as  poseible  the  curva- 
tures and  angular  deforniitieB  whicli  may  occur  in  the  extremities,  for 
example,  rhachitic  children  should  not  lie  encouraged  to  stand  and  walk 
at  too  early  a  period.  Braces  and  similar  apparatus  should  be  used  to 
support  the  lower  extremities,  and  the  application  of  light  water-glass 
or  starch  dressings  is  also  advantageous.  After  the  rhachitis  has  sub- 
sided, the  bony  defoi^mities,  particularly  those  in  the  leg,  frequently  have 
to  lie  corrected.  Rhachitic  curvatures  often  straighten  out  spontane- 
ously, and  hence  one  should  not  operate  too  soon.  Up  to  the  fifth  year 
they  can  usually  be  treated  expectantly  ;  after  that  they  generally  have 
to  he  corrected  by  osteoclasis  (see  page  91 1,  or,  better,  by  osteotomy.  To 
perform  osteotomy,  the  proper  incision  is  made  through  the  skin,  and 
through  this  the  bone  is  divided  ivith  the  hammer  and  chisel,  with  the 
exception  of  a  small  portion  of  the  cortex,  which  is  then  usually  broken 
by  hand.  The  wound  is  not  sutured,  and  after  covering  it  with  an 
antiseptic  protective  dressing  a  plaster-of- Paris  splint  is  immediately 
applied.  If  tlie  operation  is  carried  out  with  antiseptic  precautions  it 
is  entirely  devoid  of  danger.  Macewen's  osteotomy  at  the  lower  end 
of  the  diaphysis  of  the  femur  is  also  very  ajipropriate  in  cases  of  genu 
valgum  rhachiticum.  Tenotomy  of  the  tendo  Achillis  must  sometimes 
be  added  when  the  curvature  of  the  tibia  is  convex  anteriorly.  But 
fre(juently  braces  will  he  sufficient  to  overcome  deformity,  the  bones 
gradually  Incoming  straight  of  their  own  accord.  I  must  refer  the 
reader  to  the  Regional  Surgery  for  the  particulars  of  the  treatment  for 
the  various  sequelte  of  rhachitis  in  the  different  portions  of  the  body, 
such  as  the  vertebrse.  the  extremities,  etc. 

§  109.  Osteomalacia. — By  osteomalacia  we  understand  a  peculiar 
softening  and  absorption  of  bone  substance  which  ts  observed  most 
commonly  in  women  during  pregnancy  and  the  iiuer[>erium,  less  often 
in  men,  and  in  women  who  are  not  pregnant.  The  disease  not  infre- 
quently occurs  in  pregnant  and  milch  cows.  In  osteomalacia  the  nor- 
mal, strong  bones  of  adults  become  soft,  while  in  rhachitis,  on  the  other 
hand,  we  have  to  deal  with  a  disease  of  development  affecting  young 
bfino,  in  consequence  of  which  the  latter  remain  soft  and  do  not  lie- 
come  firm. 

Anatomical  Changs  in  Osteomalacia,— Thn  puerperal  form  of  osteoma- 
lacia probably  always  begiiis  in  the  pt?lvia.  and  either  remains  limited  to  the 
latter  or  attacks  other  bones,  and  may  even  involve  most,  of  the  skeleton, 
particularly  if  the  woman  passes  tlirou^h  several  pregruancies  after  the 
Appearance  of  the  disease.  The  non-puerperal  form  beKins  most  commonly 
in  the  vertebra'  and  tbomx.  and  then  extends  to  the  extremities,  and  finally 
to  the  bones  of  the  head.  The  soften  iufr.  the  absorption  of  btine  substance 
(Fig.  484),  is  an  halisteresis— i.  e.,  the  lime  salts  arc^'  first  dissolved,  but  tlie 
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decalcified  ground  substance  persists  a  little  while  looger,  then  it  also  gnd\i. 
ally  disintegrates,  and  is  finally  absorbed.    The  absorption  of  the  lime  niti 
always  begins  in  the  periphery  of  the  bone  and  advances  steadily  towanfi 
the  centre.     In  this  maimer  a  considerable  loss  of  bone  may  be  brouglit 
about  and  the  cortex  of  the  long  bones  may  become  as  thin  as  paper,  ortte 
diseased  bone  muy  even  entirely  disappear,  leaving  only  the  perioeteum  and 
medulla  to  persist  as  an  elastic  tube,     Morand  observed  a  very  pronouiMed 
degree  of  osteomalacia  in  a  woman  who  possessed  in' the  place  of  mod  of 
her  bones  only  membranous  cylinders  or  very  thin  tubes  of  bone.    Id  the    ' 
milder  cases,  which  recover  quickly,  the  decalcified  bone  substance  can  te 
very  rapidly  changed  to  normal  bone  by  a  freeh  deposit  of  the  salts  of  lime. 
As  long  as  the  disease  is  advancing  the  medulla  is  usually  very  richly  sup- 
plied with  btixxl,  contains  numerous  tuemorrhagic  foci  scattered  throughlt, 
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has  an  abundance  of  cells,  and  is  poor  in  fat.  In  rare  instances  of  osteoiU' 
lacic  softening  of  bone  there  have  been  noted  multiple  cystic  fonnatiott 
with  tumour-like  enlargement  of  the  softened  portions  of  bone  (Albeitiiit 
Tliere  are,  moreover,  cases  which  present  the  clinical  picture  of  osteon* 
lacia.  and  anatomically  are  due  to  the  development  of  multiple  true  tumooH, 
especially  sarcomata* (Recklinghausen).  As  a  result  of  the  softeningof  tl* 
bones  tliere  of  course  arise  corresponding  curved  or  angular  deformities  ttA 
fractures.  Changes  of  shape  in  the  osteomalacic  pelvis  are  particularl;  com- 
mon. Kecklinghausen  and  Rehn  have  recently  described  an  infantile  osle*' 
malacia,  but  this  is  probably  in  the  main  a  severe  rhachitis. 

The  Etiology  of  OrtMonalaoia. — The  precise  catiBe  of  o&teoinaliu^»  is 
still  hut  little  understood,  though  various  theories  have  been  advanced. 
We  only  know  that  it  oceors  chiefly  in  pregnant  or  nursing  ffomei 
and  aniinak,  and  is  common  in  certain  regions  which  in  Oemtanj  '<' 
along  the  Rhine,  while  other  places,  like  the  valley  of  the  Oder,  appef 
to  lie  free  from  it.  Damp,  tmhealthy  dwellings,  malaria,  ansemiii,  aw 
other  constitutional  anomalies  connected  with  disturbances  of  nntritioii, 
are  said  to  be  of  importance.     Cohnheim  maintains  that  oeteomilsc") 


like  rhacbitis,  is  a  disturbance  of  niitrition,  and  Le  believes  tliat  the 
maternal  orgauism  during  pregnftncj?  and  the  nnrsing  period  contains 
too  little  lime,  becauee  a  very  large  amount  of  lime  salts  is  neceeeary 
for  the  development  of  the  foetal  skeleton  as  well  as  for  the  milk.  For 
this  reason  only  osteoid  tissue,  which  is  deficient  or  entirely  lacking  in 
lime,  is  formed  in  the  maternal  organism.  Consequently,  according  to 
Cohnheim'e  tlieorj,  the  uncalcified  or  deficiently  calcified  bone  tissue 
is  not  decalcified  nld  bone  tissue,  but  new-formed  osteoid  tissue,  I 
believe,  however,  that  the  old  idea  is  correct,  viz.,  that  the  bone  tissue 
which  is  poor  in  lime  or  in  which  the  lime  is  absent  is  the  decalcified 
ground  substance  of  the  old  bone.  It  is  natural  that  the  cause  for  the 
decalcification  in  this  condition  should  also  be  ascribed  to  an  acid  such 
as  lactic  acid,  or,  more  correctly,  carbonic  acid  ;  but  as  yet  no  proof  of 
this  has  been  obtained.  Heiss  and  others  have  fed  animals  with  lactie 
acid  for  months  (three  hundred  and  eight  days,  for  example),  and  yet 
have  not  been  able  to  prodnce  osteomalacia.  It  seems  more  probable 
that  the  decalcification  is  due  to  the  action  of  carbonic  acid  ;  it  is  pos- 
sible, and  the  hypersemia  of  the  medulla  favours  this  view,  that  in 
osteomalacia  we  have  to  deal  with  an  infiamniatory  process  accom- 
panied by  an  increased  vascularity  and  an  abnormal  formation  of  car- 
bonic acid.  Examination  of  the  urine,  however,  does  not  always  show 
an  increased  excretion  of  earthy  phosphates,  a  thing  which  the  acid 
theory  would  lead  us  to  expect.  On  account  of  the  success  obtained 
in  tlie  treatment  of  the  disease  by  removal  of  the  ovaries,  Fehling 
holds  the  opinion  that  it  is  caused  by  a  j^thological  liyperactivity 
of  the  ovaries.  In  consequence  of  the  refiex  dilatation  of  the  vessels 
in  the  bone  there  is  a  passive  hyiwnemia,  and  later  an  absorption  of 
the  bone.  Petrone  calls  attention  to  the  increased  amount  of  nitric 
acid  contained  in  the  urine,  and  believes  that  osteomalacia  is  caused 
by  the  micro-organism  dcscrilted  by  Schlossing  and  Miinz,  which  pro- 
duces nitric  acid.  In  one  ease  of  non-puerperal  osteomalacia  observed 
by  Kobler,  with  pronounced  changes  in  almost  all  the  bones,  examina- 
tion of  the  ash  obtained  from  the  blooil  revealeii  a  considerable  increase 
of  sulphuric  acid  and  a  diminntion  of  the  sodium  to  less  than  half  the 
normal  quantity.  The  rare  osteomalacia  of  men,  and  of  women  who 
are  not  pregnant  or  nnrsing,  dei}end8,  according  to  Cohnheim.  in  the 
main  upon  disorders  of  digestion  or  of  assimilation,  combined  with 
a  lessened  absorption  of  lime. 

We  have  practically  given  tlie  symptomatology  of  osteomalacia  in 
the  above  description.  The  disease  almost  always  begins,  as  we  have 
said,  diiriiifr  pregnancy  or  during  the  puerjwriuni,  wntli  severe  shooting 
pains  in  the  afifected  boues.     Consequently  the  disease,  at  the  outset. 
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is  often  confosed  with  rheumatism,  until  the  changes  in  the  shApe 
of  the  bones  enable  the  correct  diagnosis  to  be  made.  The  affection 
may  become  very  pronounced  during  a  single  pregnancy  or  a  single 
puerperium.  The  milder  cases  will  get  entirely  well ;  but  very  fre- 
quently the  disease  makes  pauses  in  its  progress,  and  then,  in  conjunc- 
tion with  another  pregnancy,  though  apparently  cured,  it  will  break 
out  again  with  fresh  intensity.  Eecklinghausen  observed  osteomalacia 
in  young  subjects  in  combination  with  Basedow's  disease. 

The  prognosis  of  osteomalacia  is  very  unfavourable,  and  actual 
cures  are  exceedingly  rare.  Nevertheless,  the  operative  removal  of 
the  ovaries  in  puerperal  osteomalacia,  recently  recommended  by  Feb- 
ling,  yields  surprisingly  good  results. 

The  treatment  of  osteomalacia  is  like  that  of  rickets  (see  pages  66S, 
669),  and  consists  primarily  in  the  administration  of  good  nutritious 
food,  also  cod-liver  oil,  iron,  lime,  quinine,  phosphorus,  and  arsenic. 
All  unfavourable  hygienic  conditions,  disturbances  of  nutrition,  and 
constitutional  anomalies  are,  as  far  as  possible,  to  be  done  away  with. 
If  the  woman  is  nursing  her  child,  she  must  be  forbidden  to  do  so,  and 
made  aware  of  the  danger  that  in  a  new  pregnancy  the  disease  may 
recur  with  increased  severity.  Great  interest  attaches  to  the  cures  of 
osteomalacia  recently  obtained  by  the  removal  of  the  ovaries.  The 
observation  has  been  made  that  after  removal  of  the  uterus  pr^- 
nant  women  suffering  from  osteomalacia  were  cured,  and  hence 
Fehling  recommended  simple  castration  for  the  same  purpose.  The 
success  of  this  procedure  is  so  marked  that  patients  with  a  very 
severe  form  of  the  disease  can  be  cured  and  allowed  to  attend  to  their 
employment  after  the  lapse  of  from  three  to  four  to  five  weeks. 
Petrone  believes  that  the  success  is  mainly  to  be  ascribed  to  the  narco- 
sis, and  not  to  the  operation,  as  he  has  cured  one  case  of  osteomalacia 
in  three  weeks  by  the  daily  administration  of  two  grammes  of  chloral 
hydrate,  the  nitric  acid  which  was  present  in  the  urine  disappearing  on 
the  fifth  day  of  the  treatment. 

The  castration  recommended  by  Fehling  for  osteomalacia,  with  or 
without  supravaginal  removal  of  the  uterus,  deserves  the  most  general 
consideration  because  of  the  success  which  has  already  been  obtained. 
Kummer  collected  in  1891  thirty-eight  successful  cases  of  double  cas- 
tration for  osteomalacia.  In  cases  of  pregnant  women  the  uterus  will 
usually  be  removed  as  well.  We  must  not  omit  to  state  that  in  rare 
instances  the  osteomalacia  of  women  also  gets  well  spontaneously. 

§  110.  Atrophy  and  Hypertrophy  of  Bone. — Atrophy  of  bone  i^do^ 
to  vario^us  causes.  Every  absorption  of  fitlly  formed  l)one  sutetance, 
which,  as  we  have  seen,  occurs  so  frequently  under  pathological  eondi- 
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18,  B  to  be  looked  upon  as  an  atrophy  of  bone.    The  absorption  of 

e  substance  either  takes  place  on  the  external  surface  of  the  bone  or 

tarts  in  the  medulla  and  advances  outward.     In  the  outer  (coocen- 

I  atrophy  the  bone  becomes  smaller  and  thinner,  while  in  the  case 

lie  internal  (escentric)  atrophy  tlie  medullary  cavity  and  tlie  Haver- 
canals  grow  larger  and  the  bone  becomes  porous  (osteoporosis). 

iphj  of  hone  is  sometimes   congenital ; 

plete  defects — e.  g.,  of  the  radius,  ulna, 

la,  or  tibia — occasionally  occur  and  cause 

eaponding  deformities  of  the  hand  and 
The  bone  in  question  has  in  all  proba- 

y  been  made  to  disappear  through  con- 

tion  by  amniotic  threads,  folds,  or  strands, 
presence  of  cicatrices  and  the  eombina- 
of  defects  in  the  bone,  with  intra-uterine 

ntations,  point  to  this  etiology. 

[Tie  senile  atrophy  which  affects  the  bones 

he  skull  (the  cranial  vault,  the  inferior 

ilia,  ete.)  and  of  the  extremities,  especially 

r  articular  ends,  is  a  special  form  of  bone 

phy.     The  senile  osteoporosis  of  the  neck 

le  femur  is  of  practical  importance,  as  the 

i.  gradually  becomes  depressed  and  may 

•roken  by  a  very  slight  traumatism. 

A.  common  cause  of   the   atrophy   of  a 

}  is  disuse  of  the  latter  (atrophy  of  db- 

.    We  have  said  that  this  folh>ws  paral- 

,  inflammations  of  joints,  temporary  im- 

lilisatioD  of  an  extremity  by  a  plaster-of- 

is  dressing,  etc.    The  disappearance  of 

acetabulum,  which  occurs  when  a  disloca- 
of  the  hip  is  not  rednced,  also  belongs  to     ^'"-J^^i;-^^^.  oVT'X"' 

atrophies  of  disuse.    This  form  of  atrophy         "'"vu'g'^d  KCer'^eitre'li^t^M 
take  place  in  certain  limited  portions  of        are  weii-duv^opwi;  thir- 

ine,  as  in  the  callus  formed  after  a  frac-         woniiuilMcMotigeii). 

;  those  portions  of   the  bone  substance 

Inally  disappearing  which  have  become  useless  for  the  function 

he  bone. 

.Another  form  of  atrophy  of  bone  is  the  neuroparalytic  and  tropho- 

Totie,  which  occurs  in   conjunction   with  diseases  of  the  nervous 

em,  such  as  tabes,  or  as  a  result  of  changes  in  the  trophic  nerve 

»  or  afferent  nerves,  or  in  the  trophic  centres  in  the  anterior 
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bomB  of  grey  matter  in  the  spinal  cord  (Fig.  425).  Dirieionofl^ 
Bciatic  nerve  ia  aoimalB  has  been  found  to  cause  lengthening  at^g 
tbickeniDg  of  tbe  bone,  sometimes  witli  an 
increase  in  weight  and  sometimes  a  diminu- 
tion ill  weight  and  great  pliability  and  fragil- 
ity of  the  bone.  A  detailed  description  of 
tbe  tropboDeurotic  diseases  of  the  bones  and 
joints  U  given  in  §  117, 

Local  arrest  of  longitudinal  growth  is 
caused  by  diseases  of  tbe  epiphyseal  cartilages, 
siicb  as  iuflammatioQ  or  suppuration,  or  it 
may  follow  their  ossilication  at  too  early  a 
period  or  their  removal  in  too  extensive  a  re- 
section, etc.  Pressure,  inflammation,  and  the 
development  of  a  tumour  may  also  lead  to  Fia.  4ifi.— Putiii  nutinftt 
,,-1.1.  f   L  on  the  html  (Cuitiiit  Md 

localised  atrophy,  to  weanng  away  of  bone,  Bvbm). 

or  to  caries. 

Hypertrophy  of  Bone  is  either  limited  to  some  particular  portion  d 

a  bone,  as  in  the  formation  of  osteophytes,  or  it  aftecta  tbe  entire  bone, 

the  whole  volume  of  tbe  latter  being  increased  or  only  its  len^or 
thickness.  Tbe  hypertrophies  indndetl* 
hyperostoses  mentioned  on  a  previoot 
page — i.  e.,  tbe  increase  in  volume  follof- 
ing  periosteal  and  endosteal  formation  of 
bone,  and  tbe  09teo9derosU  or  tbickeniDg 
of  bone  tissue,  which  is  also  called  ebnr- 
neatio  ossis. 

Leontiaiia  OMea, — Hypertrophy  of  tlie 
facial  and  cranial  bones  is  of  special  in- 
terest, the  so-called  leontiasis  ossea,  tbe 
etiology  of  which  is  very  obscure.  Tbet 
is  probably  a  congenital  predispositiin- 
The  affection  occurs  usually  inyonDgis- 
dividuals  of  both  sexes  who  are  otberviK 
healthy,  and  begins  as  a  painless,  inertv- 
ing  enlargement  of  the  malar  hone;  tbe 

Flo,  «7.—GUntffroKih  of  the  upper    hypertrophy  then  gradually  attacks,  ut 

citrt-mitv  micl  the  right  wcie  of  ,         ,  ..     ,       ,  ,    ,       ■  i 

tiiethoruxiWugucr;.  rulc,  almost  all  the  bones  of  the  isce  tw 

skull  symmetrically.    The  newly-fonwi 

bone,  which  is  at  first  spongy,  becomes  increasingly  harder.    That 

ia  a  constant  increase  in  the  size  and  weight  of  tbe  bones.     The  sen* 

of  smell  and  of  sight  are  lost,  and  after  a  oauiber  of  years  (ten  to 


8 110.] 


ATROPHY  AND  HTPEETBOPHT  OP  BONB, 


thirty)  death  otcnrs,  sometimes  from  int^rea&iDg  cerebral  cotnpreestoD. 
The  other  bones  remain  healthy.  No  treatment  has  heen  found  of  any 
avail. 

Helferich  and  others  have,  aa  we  remarked  before,  increased  the 
development  of  bone  at  a  given  point  by  artificial  hyperffiuiia,  pro- 
duced, for  example,  by  tying  off  the  extremity  with  an  elastic  tourni- 
quet drawn  moderately  tight  on  the  proximal  side  of  the  point  in  the 
bone  which  is  diseased.  Thia  procedure  is  worth  trying  in  the  case  of 
fractures  where  the  callus  formation  is  delayed 
and  iusuScient,  and  in  pseud  arthrosis,  and  also  to 
diminish  shortening,  etc.  (see  page  fl03). 

The  lengthening  which  bones  may  undergo  in 
conjunction  with  irritation  of  the  epiphyseal  car- 
tilages due  to  injuries  and  diseases  of  the  diaphysia 
or  neighbouring  joints  and  soft  parts,  is  also  a  mat- 
ter of  practical  importance.     As  OlHer  has  dem- 
onstrated experimen  tal- 
ly, an  increase   in    the 
longitudinal  growth  of 
young  bones  is  very  eas- 
ily  brought    about    by 
stimuli  of  various  kinds. 
This  explains  the  occur- 
rence of  the  increased 
longitudinal        growth 
which    takes    place    in 
>f  Ihe  lower  MtremiiT  on  the  right      conjunction    with   frac- 
r  L-xtK-iiiilj  on  thn  loft  si.le.  J  .    „  , 

turee,  especially  those 
which  are  compound  and  heal  with  marked  infiammatory  reaction, 
or  which  follows  necrosis,  osteomyelitis,  large  ulcers  of  the  foot,  and 
diseases  of  joints.  Young  bones  which  have  been  dislocated  and  not 
replaced  take  on  increased  longitudinal  growth  if  they  are  freed  from 
the  pressure  of  the  superimposwl  bone.  Thus,  for  example,  increased 
longitudinal  growth  of  the  radius  takes  place  after  dislocation  of 
its  head. 

Congenital  hypertrophy  of  bone  mokea  its  appearance  in  the  form 
of  giant  growth  of  the  fingers  and  toes  (Fig.  4211,  macrodactylia),  and 
also  as  giant  growth  of  an  entire  extremity  (Figs.  427,  428).  Accord- 
ing to  Wittelshofer's  statistics,  all  the  cases  of  true  giant  growth  hith- 
erto recorded  are  congenital  in  origin,  and  originate,  as  in  the  case  of 
the  very  considerable  inom^trosity  illustrated  in  Figs.  427  and  428,  from 
an  abnormal  increase  of  growth  iuvolving  all  tlie  tissues  of  one  part  of 
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the  liody.  Giant  growth  is  possibly  a  congenital  tropboneurotie  dis- 
turbance. 

The  cases  of  acquired  hypertrophy  of  the  bones  and  soft  parte  (com- 
pensatory hypertrophy)  are,  of  course,  to  be  distinguished  from  tliis 
congenital  fpant  growth.  P.  Wagner  has  recently  collected  several 
cases  of  congenita)  and  acquired  giant  growth,  and  has  given  the  litera- 
ture on  this  subject  (Zeitschrift  fiir  Chir,,  iid.  xxvi,  S.  2H'J.  Bessel- 
liftgen  has  called  atteutiou  to  the  various  anomalies  of  the  bones  und 
joints  which  occur  in  giant  growth. 

As  regards  the  treatment  of  partial  giant  growth,  elastic  bandaging, 
maasage,  and  Weir  Mitchell's  cure  have  been  used  mth  success  in  the 
milder  forms  of  the  affection.  In  severe  cases,  which  cause  much  trou- 
ble in  consequence  of  the  awkwardness  and  weight  of  the  affecteil 
extremity,  operative  measures  will  sometimes  be  necessary,  and  the 
enlarged  member  shonld  be  removed  {see  also  Treatment  of  Elephan- 
tiasis). 

Acromegaly,  a  disease  to  which  Marie,  in  1886.  first  directed  attention, 
must  be  carefully  diatin^ished  from  the  congenital  giant  growth.  In  acro- 
megaly, which  begins  about  the  tenth  to  the  twentieth  Ui  the  thirtietli  year 
of  hfe,  and  lasts  {«n  to  twenty  years  or  longer,  there  is  a  hypertrophy  of  all 
parts  of  the  body,  involving  both  the  booes  and  the  soft  parts,  especially  of 
the  head  and  extremities.  Multiple  exostoses  are  sometimes  found,  particu- 
larly on  the  long  bones  of  the  extremities.  In  some  cases  an  abnormal  ia- 
crease  in  height  takes  place  after  completion  of  the  normal  growth  of  the 
body.  The  hands  and  feet  have  the  ap]iearaiice  of  paws.  In  the  head  the 
hypertrophy  affects  most  commonly  the  lower  jaw,  tongue,  under  lip,  and 
nose.  The  power  of  vision  may  be  completely  lost,  owing  to  the  pressiu« 
exerted  by  the  enlarged  sphenoid  bone  on  the  optic  nerve.  Hadden  and 
Ballame  state  that  the  disturbance  of  sight  is  caused  by  compression  of  the 
optic  chiasm  or  medullary  strije  of  the  optic  nerve  brought  about  by  the 
hypertrophy  of  the  pituitary  body.  The  vertebra,  sternum,  and  ribs  are 
symmetrically  enlarged ;  there  are  kyphotic  curvatures  of  the  spinal  column ; 
the  joints  are  deformed ;  the  internal  organs,  brain,  muscles,  nerves,  etc., 
hypertrophy.  Atrophy  of  the  thyroid  gland  was  present  in  some  of  the 
cases,  and  in  place  of  hypertrophy  or  tumour  formation  of  the  pituitary  body 
there  was  degeneration  of  the  same.  In  consequence  of  thickening  of  the 
epiglottis,  the  laryngeal  cartilage,  and  the  vocal  cords,  respiration  may  be 
very  much  interfered  with,  so  that  death  may  take  place  suddenly  from  cede- 
ma  of  the  glottis.  The  subjective  symptoms  presented  are  pains  in  the  head 
and  joints,  a  feeling  of  weakness,  and  parsesthesia.  A  steadily  increasing 
cachexia  finally  makes  its  appearance.  The  precise  cause  of  acromegaly  ia 
still  obscure.  According  to  W.  A.  Freund,  the  affection  is  an  anomaly  of 
growth,  and  he  believes  that  its  immediate  cause  must  be  ascribed  to  axk 
increased  How  of  blood  to  the  dilated  vessels.  As  opposed  to  this  anomaly  of 
the  vessels  others  lay  stress  upon  the  neurotic  origin  of  the  disease— e.  g..  as 
the  result  of  central  or  peripheral  nervous  disturbances.    Inherited  predio- 
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position  to  the  disease  is  contested  by  some  authorities  and  accepted  by 
others.  It  probably  has  a  complex  etiology,  and  occurs  after  various  kinds 
of  disorders.  Great  psychical  excitement  has  frequently  been  thought  to  be 
the  exciting  cause  of  the  affection. 

Aeromicria. — The  condition  the  reverse  of  acromegaly  is  called  acromicria 
(Stembo,  Reidel).  In  this  there  is  a  striking  atrophy,  especially  of  the  ter- 
minal portions  of  the  body  (head,  fingers,  toes),  together  with  a  process  of 
shrinkage,  which  attacks  different  organs  and  sometimes  the  entire  body. 
The  etiology  of  the  affection  is  very  obscure,  and  the  disease  must  be  care- 
fully differentiated  from  syringomyelia,  Morvan's  disease,  the  anaesthetic 
form  of  leprosy,  Raynaud's  disease,  and  from  analogous  syphilitic  or  dia- 
betic affections  of  the  fingers.  According  to  Stembo,  the  disease  begins  on 
the  fingers.  On  the  latter  there  is  often  a  development  of  blebs  or  ulcers, 
which  heal  slowly,  and  are  accompanied  by  intermittent  pain.  The  skin  on 
the  fingers  grows  more  and  more  thin,  cicatricial,  and  tense ;  all  the  nails 
perish,  the  fingers  become  shorter  and  less  movable,  and  the  entire  body 
grows  smaller,  from  atrophy  of  the  skin  and  the  soft  parts,  including  the 
tongue  and  oesophagus.  The  face  assumes  a  peculiar  stiff,  immovable,  and 
bird-like  expression.  There  are  no  disturbances  of  sensibility,  the  cutaneous 
reflexes  are  normal,  the  tendon  reflexes  diminished,  and  the  electrical  excita- 
bility of  the  muscles  and  nerves  is  slightly  increased. 

Daily  VariationB  in  Height— As  regards  the  well-known  fact  that  man 
becomes  shorter  in  the  course  of  the  day,  Merkel  has  made  some  accurate 
measurements  (mostly  upon  himself),  and  has  found  that  the  length  of  the 
body  in  the  morning  in  the  recumbent  position,  immediately  after  awak- 
^ing,  is  some  five  centimetres  more  than  in  the  evening  in  the  erect 
pontion.  The  loss  in  size  is  partly  gradual  and  partly  sudden.  The  former 
is  due  to  the  gradually  increasing  compression  of  the  sole  of  the  foot  and  the 
intervertebral  fibro-cartilages ;  while  the  latter,  or  sudden  diminution  of 
stature  on  rising  from  the  horizontal  to  the  perpendicular  position,  is  brought 
about  by  compression  of  the  joints  of  the  lower  extremity,  a  shortening  of 
eight  millimetres  taking  place  in  the  region  of  the  ankle  joint,  of  two  to 
three  millimetres  at  the  knee,  and  of  one  centimetre  at  the  hip.  This  lessen- 
iiig  of  the  length  of  the  lower  extremities  is  mainly  caused  by  compression 
of  the  elastic  articular  cartilages  and  by  the  sinking  of  the  caput  femoris 
into  the  cavity  of  the  acetabulum,  which  occurs  upon  standing  in  the  erect 

position. 

Lymphadenia  Ofldnm  (Nothnagel). — A  peculiar  kind  of  pernicious  bone 
disease,  which  has  been  described  by  Nothnagel,  requires  mention  at  this 
point  It  was  observed  in  a  man  twenty-four  years  of  age,  and  terminated 
^tally  in  a  year  and  a  half,  the  patient  having  been  afflicted  with  severe 
pains,  thickening  of  the  bones,  and  steadily  increasing  cachexia.  The 
autopsy  revealed  a  very  extensive  development  of  a  lymphadenoid  tissue, 
^th  a  great  number  of  Charcot-Neumann  crystals  in  the  bones,  and  at  the 
■ame  time  a  periosteal  and  medullary  new  formation  of  bone.  The  medulla 
^  almost  completely  disappeared.  Nearly  all  the  bones  were  diseased, 
the  phalanges  of  the  hands  and  feet  and  the  bones  of  the  face  alone  remain- 
^ unaffected.  The  lymph  glands  and  the  spleen  were  enlarged,  probably  to 
^^mpensate  for  the  lack  of  medullary  tissue,  with  its  power  of  making  blood. 
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g  111.  The  Tmnonn  of  Booe. — The  tumourB  pecnlUr  to  booeios- 
tcoma,  exostosis,  osteosarcoma,  enchondroma,  soft-bone  tnoioore,  cjst, 
etc.)  will  be  described  in  §§  125-130,  where  wo  sliatl  take  up  the  tab- 
ject  of  tumours  in  general.  At  pre^nt  we  shall  on);  briefly  diecoK 
the  parasitic  tumours  of  bone. 

Of  animal  parasites  tbere  occur  in  bone  tlie  echinococeu*  and  the 
Cy^ticercua  cdhthixfP,  tbc  latter  being  very  rarely  met  with.  Volk- 
miiin  mentions  one  case  of  Froriep's,  in  which  this  parasite  was  (onnd 
in  the  first  phalanx  of  the  middle  finger,  the  symptoms  being  tlio«  of 
a  suppurative  [periostitis. 

Of  echinococeus  of  bone  there  are  fifty  known  cases. 

Echmoooootu  of  Bone.— The  tsenia  Msfainocowui, 
as  is  well  known,  is  a  four-jointed  parasite  »l>iut 
four  millimetres  lung,  which  lives  in  the  ioleiii' 
nal  canal  of  tlie  dog ;  and  only  the  t-ysticercui  of 
this  ta-nia.  after  the  introduction  of  the  ta-niaf^ 
itilo  the  intestinal  canal,  occurs  in  man.  In  who- 
ever organs  the  embryo  lodges,  the  liver  being  ibe 
one  most  commonly  affected,  characteristic  cystic 
tumours  develop.  The  cyst  is  made  up  of  a  laniel- 
lur,  very  elastic  cuticular  layer  (ectocystj,  on  tbt 
inner  surface  of  which  is  a  granular  pareiicbrns- 
tous  layer.  From  this  inner  layer  the  so^alltd 
brood -capsules  develop,  and  upon  these  are  formri 
the  scolices  in  great  numbers.  The  echinococciu 
cyst  either  remains  single— unilocular— or  il  gM 
on  to  form  daughter  cysts  by  exogenous  and  endup 
euous  proliferation.  The  size  of  tlie  cysts.  e>pf 
cially  in  the  liver,  is  often  very  considerable.  Vx 
echinococeus  multilocularis  is  another  fomiofllK 
echinococeus.  which  forms  in  the  liver  only  small 
cysts  in  great  numbers,  varying  from  the  sitetrf* 
millet  grain  to  that  of  a  pea,  which  are  surrouuitfd 
by  a  thick,  tough,  diffuse  mass  of  connective  lissw. 
The  echinococeus  cysts  excite  a  local  inflamma- 
tion which  leads  to  the  fonnation  of  a  connectiv 
tissue  capsule.  The  cysts,  after  attaining  the  sitfi'f 
a  walnut  or  apple,  often  die. and  their  fluid  coiimb 
Iwcome  absorbed,  a  cheesy,  fatty  detritus  or  calcifi- 
cation being  then  found  inside  the  shrunken  ^ 
In  other  instances  the  cysts  grow  so  large  as  ^ 
Itcfome  dangerous,  and  by  jicnetrating  or  bursting  into  some  cavity  of  il* 
b.jdy  give  rise  to  severe  inflnmmations.  For  a  more  detailed  descriptiu" "* 
echinococeus,  sec  Vol.  Ill,  ^  161. 

The  ecliinoeoccus  develops  in  Ijone,  especially  in  the  inedallaiF'e- 
421*),  and  occasionally  forms  at  some  point  where  the  bone  has  been  eab- 
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IwoBly-flVB-y ear-old  peasant  woman  (VierUl). 


ected  to  a  traumatism.  The  ecbmococcns  cyets  of  bone  are  of  slow, 
idolent  growth,  and  after  the  lapse  of  years  sometimes  gives  rise  to 
ainfal  tamonrs,  which  at  tlie  outset  present  the  appearance  of  a  cen- 
ral  bone  tumour 
nd  Bubseqaentlj 
f  a  bone  cyst, 
"he  affection  oc- 
aaionally  remains 
Went  for  several 
«««.  Echinococ- 
06  cyst*  usually 
ary  in  size  from 
bat  of  the  liead  of 
pin  to  that  of  a 
lea,  or  they  form 
arge    cysts    {Fig. 

29,  fl)  which  commonly  break  through  the  cortex  after  they  have 
iiiated  a  long  time,  and  invade  the  surrounding  soft  parts,  muscles, 
'esaels,  and  nerves,  or  neighbouring  joint  (see  page  BSU).  As  Bergmann 
lag  remarked,  there  is  sometimes  a  formation  of  ahsccBses  in  the  tissues 
mniid  the  bone,  which  after  being  incised  show  no  tendency  to  heal, 
md  may  lead  one  to  suppose  that  there  is  a  necrosis  present.  The 
ma  at  times  is  remarkably  rich  in  cholesterin  crystals,  a  fact  which  is 
if  importance  for  the  diagnosis.  Tlie  destruction  of  Ijone  is  not  infre- 
[nently  very  considerable  (Fig.  43(").  The  perioKteum  and  medulla 
TC  Dsually  passive,  and  hence  the  process  does  not  ordinarily  result  in 
■egenerative  growth  of  the  bone  from  the  periosteum  or  medulla.  It 
B  worth  noting  that,  as  Gangolplie  says,  the  mnltilocular  form  of 
tbinococcus  of  bone  is  by  far  the  most  common  ;  it  was  found  tliirty- 
wo  times  in  thirty -seven  cases,  and  only  in  five  instances  was  encysted 
■chinococcus  present  (which  is  much  tlie  more  common  form  in  the 
oft  parts,  especially  in  the  liver).  Of  fifty -two  cases,  twenty-sis  were 
'f  the  hollow  bones  (eleven  linmenis,  eight  tibia,  six  femur,  one  plia- 
iix)  and  eighteen  of  the  flat  bones  (eleven  pelvis,  four  each  involving 
lie  Bknll,  scapula,  and  sternum,  and  the  ribs  once). 

The  diagnosis  can  only  be  niadi;  witb  certainty  wlieti  tbe  soft,  fluctuat- 
'ft  tumours  have  broken  tlirough  tlie  bone,  or  when  a  ixirtion  of  their  con- 
nta  can  be  withdrawn  by  an  exploratory  puncture.  In  tlie  case  of  the  long 
Jllow  bones  the  nature  of  the  disease  is  occasionally  revealed  by  the  occur- 
nce  of  a  spontaneous  fracture. 
The  prognosis  is  governed  by  the  location  of  the  disease,  echinococcus 
the  boaea  of  the  skull  and  of  the  vertebra;  and  pelvis  being  the  moat 
'favourable,  while  the  echinococcus  of  the  extremities  is  less  so.    Gan- 


golpbe  stal«s  that  out  of  seven  cases  of  echinococcuB  of  the  vertebra?,  six 
died  of  sepsis  after  the  operation,  while  of  nineteen  patients  with  echiuo- 
cDccus  of  the  extremities  only  four  died. 

The  treatment  consieta  in  as  complete  a  removal  as  poeeible  of  the 
cyst  U6  well  ae  of  the  disGased  bone,  or,  when  this  cannot  be  done,  in 
incision,  witli  destruction  of  the  membrane  hy  means  of  the  sharp 
spoon,  Paqneliti  thermo-cantery,  etc.  In  the  case  of  the  extremities, 
amputation  or  disarticulation  will  often  be  necessary.  Of  the  thirtv- 
aix  cases  of  ecliinoeocfus  of  bone  collected  by  Reszey  and  Ilahn, 
twenty  were  operated  upon,  and  of  these  fourteen  were  cured  (two 
by  incision,  twelve  by  amputation).  At  all  events  the  treatment  should 
be  as  energetic  as  possible  so  as  to  prevent  recurrences. 

EchinocDCcnB  in  Joints. — Occasionally,  as  we  have  remarked  l^fore, 
an  echinococcus  of  bone  breaks  through  into  the  neighbouring  joint 
(Fischer  fonnd  ten  snch  cases  in  literature);  but  it  is  extremely  rare 
for  the  parasite  to  lodge  primarily  in  the  joints.  Of  the  above-men- 
tioned ten  cases,  eight  affected  the  hip  joint,  one  the  knee,  and  one  an 
interphalangeal  joint.  Of  echinococena  cysts  of  the  pelvic  bones  with 
perforation  into  the  hip  joint,  only  one  case  has  been  cured  by  opera- 
tion (Bardeleben).  The  treatment  of  this  affection  of  the  joints  de- 
mands very  energetic  procedures  (resection,  or  even  amputation). 


CHAPTER  IV. 

INJUKIE8   AND  DISEASES   OF  JOINTS. 

RcTiewof  the  anatomy  of  joints. — The  acute  inflammations  of  joints :  Acute  serous, 

sero-fibrinous,  and  suppurative  synovitis. — Acute  polyarticular  rheumatism. — The 

secondary  inflammations  of  joints  occurring  in  the  course  of  acute  infectious 

diseases  (metastatic  inflammations  of  joints). — Gonorrhceal  arthritis. — The  acute 

•rthrites  occurring  in  the  course  of  syphilis. — Arthritis  urica  (gout). — Gout  from 

^e«d  poisoning. — Treatment  of  acute  inflammations  of  joints. — The  chronic  inflara- 

niations  of  joints :  Chronic  hydarthros. — Chronic  articular  rheumatism. — Chronic 

S'^Ppuration  of  joints.— Fungous  (tubercular)  arthritis,  joint  caries. — Syphilitic 

■rthritis. — Arthritis  deformans. — Diseases  of  joints  in  bleeders  (hasmophilia). — 

Joint  bodies. — Articular  neuralgias,  articular  neuroses  (hysterical  joint  affections). 

""Neuropathic  inflammations  of  bones  and  joints. — Anchyloses. — Deformities  of 

joints  (contractures). — Echinococcus  of  the  joints  (see  page  680). — The  injuries  of 

joints:  Subcutaneous  injuries  (contusions,  sprains). — Dislocations  (luxations)  of 

joints. — Wounds  of  joints. — Appendix :  Gunshot  wounds. — Remarks  upon  military 

wrgery. 

§  112.  Beview  of  the  Anatomy  of  the  Jointi. — It  is  well  known  that 
the  cavities  of  the  joints  of  the  cartilaginous  skeleton  of  the  foetus  are 
'^wde  by  dehiscence,  or  softening  and  liquefaction  of  the  formative 
^88ue  remaining  between  the  cartilaginous  layers.  They  develop  later 
^tan  the  ligaments  of  the  capsule,  which,  as  processes  of  the  perichon- 
*^nm,  stretch  across  the  space  lying  between  the  ends  of  the  cartilages. 
^^  articulations  between  the  bones  are  commonly  divided  into  two 
-'hisses :  the  synarthroses  and  the  diarthroses.  The  synarthroses  are 
•^'^racterised  by  having  a  cartilaginous  or  fibrous  layer  interposed  be- 
^een  the  bone  surfaces,  which  is  connected  to  the  periosteum,  the 
^tter  extending  from  one  bone  to  the  other.  In  the  diarthroses  the 
^ntinuity  is  completely  interrupted,  and  they  are  provided  with  a 
^Ofie  capsule,  which  is  generally  strengthened  by  accessory  ligaments, 
'ie  inner  surface  of  the  capsule  of  a  joint,  or  the  so-called  synovial 
'^mbrane,  is  covered  usually  by  a  single  layer  of  endothelium,  which, 
*  my  investigations  show,  very  often  extends  over  the  synovial  fringes 
^d  interarticular  ligaments  as  far  as  they  lie  free  in  the  cavity  of  the 
^iot,  but  under  normal  conditions  does  not,  as  a  rule,  cover  the  point 
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of  origin  of  the  synovial  membrane  at  the  articular  cartilaf^.  In 
ftetuB  the  cartilage  is  ordinarily  partially  covered  by  endothelium,  ( 
after  birth,  if  a  joint  remains  quiet  for  any  lengtli  of  time,  tlie  en< 
thelium  will  grow  over  p 
-  _  tions  of  the  articular  cartila: 
:^l^^%  and  other  parts  of  the  jo 
;^  which  present  free  Gurfac 
Ab  an  individual  increases 
~  age  the  endothelinm  of  t 
■  synovial  membrane  becomi 
mtxlitied  at  the  places  of  grea 
est  friction,  and  it  is  oft« 
completely  sbaent  here  (flt 
gen  ■  Toru,  Braon).  On  th 
inner  surface  of  Uie  eynovia 
membrane  there  are  foam 
thread-like  ootgrowthe,  (bi 
synovial  villi  (Figs-  481, 43i) 
which  can  be  seen  eepeciill} 
well  as  floating  structures  ffliB 
a  joint  like  the  knee  is  opened  under  water.  Some  of  the  villi  m- 
tain  vessels  (Fig.  432),  others  do  not;  and  some  of  them  are  eiuglE 
filaments,  while  others  are  branched  and  are  provided  with  dsa^ta 
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i,    According  to  the  nature  of  the  tissue   cartilage  villi  fihrons 
\,iai  villi  and  mucous  villi  can  be  dist  nguisbed    nlile  between 


Fio.  433.— Lymph  *ticB 

e  individual  kinds  there  are  numerous  transition  forms.     Cartilage 

are  very  often  found  in  the  fibrous  villi. 
rbe  joint  capsules  are,  as  Fig.  433  shows, 

richly  supplied  with  lymph  vessels — a 
erof  great  practical  importance.  It  is  sup- 
d  that  there  are  open  communicationB — 
i8ta,  as  they  are  called — between  the  lymph 
nele  and  tbe  joint  cavity  on  the  inner  8ur- 

of  tbe  articular  capsule,  as  there  are  in 
r  serous  membranes ;  hut  as  yet  I  believe 
ne  has  been  able  to  demonstrate  them. 
?he  hyaline  cartilage  is  only  apparently 
ogeueous.  As  I  was  the  first  to  show 
hiv  fur  Anat.  und  Phys.,  1877),  it  can  l>e 
instrated  by  means  of  trypsin,  or  the  pro- 
ed  action  of  permanganate  of  potassium, 
hyaline  cartilage  is  really  made  up  of  fibres 
h  are  bound  together  by  a  cement  sub- 
M,  Tbe  latter  is  dissolved  by  the  ahove- 
tioned  materials,  CHpeeially  by  the  action  of  trypsin  at  a  tempera- 
of  88°  to  40"  C.  (101.4°  to  104°  F.)  in  the  incubating  oven,  and 


4S4.— Hyaline  cartiluffd 
■eowd  in  an  ineubiitor 
illi  trjiwin.  Network 
rrttngcmentoftlie  fibres. 
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tlie  fibres  are  then  made  evident  (Figs.  434, 435, 436).  They  may  ban; 
a  lamellar  arrangemeat,  ae  in  Fig.  435,  or  form  a  network,  a  reticulated 
structure  (Figs.  434,  436).  Through  onr  knowlerl^e  that  even  hTaline 
cartilage  is  constructed  of  fibres,  we  rjuu  tiioii.  re  tdilj  understiimi  tlie 
various  changes  which  occur,  for 
example,  in  the  calcification  of  the 
callus  or  in  the  repair  of  wounda 


of  cartilage,  also  the  fibrillation  of  hyaline  cartilage  whicli  takes  place 
in  chronic  joint  disease,  etc.  We  have  Budge  to  thauk  for  bis  ixao- 
tiful  investigations  upon  the  cireolatory  ebauuelB  in  cartilage. 

The  views  of  authorities  vary  as  to  the  origin  of  the  synoria,biit 
my  own  investigations  have  led  me  to  l>elieve  that  it  i&  mainly  formed 
by  the  mucous  and  fat  villi,  partly  by  secretion  and  partly  by  a  break- 
ing up  of  their  cellular  elements.  However,  this  is  not  the  placetn 
discuss  any  more  fully  the  anatomy  and  physiology  of  joints,  and  I 
must  refer  the  reader  to  the  text-books  on  these  subjects ;  but  I  iiara 
thought  it  wise  to  briefly  touch  upon  some  of  the  questions  whirb  m 
particularly  important  as  regards  the  subject  of  diseases  of  joints.  Tlfl 
mucouB  bursffi  are  described  in  §  99. 

§  113.  TheAoate  InflammatioM  of  Jointa — We  distiognisb,  arconi- 
ing  to  the  nature  of  the  exudate  in  the  acute  infiammations  of  joinS. 
two  niaiii  varieties:  the  aertnu)  and  the  sxppnrntive. 

1.  The  acut£  Hermit  sr/?ioviii«  is  usually  characterised  by  the  pnS' 
ence  of  a  cloudy,  serene  liquid  containing  a  greater  or  less  namterof 
fine  flakes  of  fibrin.  If  there  is  a  con^derable  quantity  of  the  hve 
present  the  synovitis  is  also  called  sero-fibrinous.  The  other  p«lli»- 
logical  changes  which  occur  in  a  serous  synovitis  consist  in  a  Tanin? 
amount  of  hypertemia  and  swelling,  and  upon  microscopical  examit"* 
tion  there  are  usually  found  here  and  there  small  collections  of  iW' 
cytes  or  extravasations  of  blood. 
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The  clinical  course  of  a  aerona  eynuvitis  is  briefly  aa  follows:  If 
we  suppose,  for  esample,  that  the  knee  joiut  is  the  one  affected,  it  is 
usuall;  swollen  and  feels  hot,  b  tender  to  the  toneh,  and  on  palpation 
finctuation  is  plainly  made  out,  and  the  patella  is  lifted  from  its  norinal 
positioD — it  "lioats."  Active  and  passive  movements  of  the  joint  are 
possible,  but  cause  pain.  There  is  either  no  fever  at  all  or  only  a  very 
slight  amount  of  it.  The  further  course  of  the  disease  is  in  the  main 
dependent  upon  the  cause,  but  it  is  ordinarily  favourable,  and  if  proper 
treatment  is  adopted  recovery  will  very  speedily  ensue.  Occasionally 
an  acute  serous  synovitis  will  change  into  the  suppurative  form  or  into 
a  chronic  hydarthros.  Not  infrequently  after  recovery  from  the  acute 
liydarthroB  there  is  a  pronounced  tendency  to  relapses.  Glarr^  found  as 
the  cause  of  one  case  of  recurrent  synovitis  of  the  ankle  joint  an 
encapsulated  osteomyelitic  focue  in  the  internal  malleolus.  After  this 
had  been  chiseled  open  and  treated  the  synovitis  did  not  recur.  The 
pus  in  the  osteomyelitic  focus  contained  virulent  stapliylococci. 

2.  Acute  suppurntive  synovitis  and  arthritic  is  characterised  ana- 
tomically by  the  formation  of  a  purulent  or  tibrino- purulent  exuda- 
tion. It  either  follows  a  serous  or  sero-fibrinous  indammation  or  begins 
as  such.  In  addition  to  the  pure  or  llocculent  pus  which  is  found  in 
the  joint,  there  is  also  usually  present  a  marked  swelling  and  hyperae- 
mia  of  the  synovial  membrane  and  ligaments  upon  which  a  fibrino- 
pnmlent  material  is  deposited,  sometimes  containing  foci  of  pus. 
Furthermore,  the  articular  cartilages  become  dull  in  appearance,  and 
there  is  an  even  extension  of  the  synovial  membrane  over  their  edges 
in  the  form  of  vascular,  newly  developed,  delicate  connective  tissue. 
The  milder  grades  of  suppurative  arthritis,  without  deep  destruction 
of  the  synovia]  membrane,  we  shall  designate  aa  catarrhal  suppuration 
of  a  joint.  In  the  cases  of  longer  duration,  or  in  the  more  severe  forms 
of  suppuration,  all  portions  of  the  joint  are  attacked  hy  the  sujtpu ration, 
the  cartilage  undergoes  tibrillatioR  and  here  and  there  becomes  necrotic. 
The  suppuration  may  extend  to  the  bones  and  the  medulla,  and,  after 
breaking  through  the  capsule  of  the  joint,  give  rise  to  periarticular 
abscesses,  etc.  In  the  worst  forms  of  acute  suppurative  arthritis  putre- 
factive changes  take  place,  sometimes  accompanied  by  a  marked  evo- 
lution of  gas.  Suppurative  inflammation  of  a  joint  may  terminate  in  a 
reatitvtio  ad  mttgnim,  in  recovery  with  partial  or  total  stiih)es6  of 
the  joint  fanchylosis),  or  in  death. 

The  i^lliiicaJ  course  of  an  acute  suppurative  inflammation  of  a  joint 
liJte  the  knee  iB  characterised  by  severe  pain,  by  high  fever,  which 
often  liegins  suddenly  with  a  chill,  by  great  swelling,  and  by  pro- 
nounced disturbance  of  function.     The  knee  is  usually  slightly  flexed, 
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and  the  least  attempt  at  passive  motion  cAuees  the  moat  intense  pain. 
The  skin  generally  feels  very  hot,  and  is  reddened.  At  the  outset  fluc- 
tuation is  ordinarily  not  present,  bnt  becomes  capable  of  detection  as 
the  amoiiut  of  pus  increases.  A  characteristic  feature  of  suppuration 
of  a  joint  is  the  cedeiuatous  swelling  of  the  ]jart8  surrounding  it  or  of 
the  entire  extremity.  The  aubeequent  course  of  the  disease  depends 
upon  the  nature  of  the  infection,  and  especially  ujwn  whether  the  sup- 
purative arthritis  receives  early  antiseptic  treatment.  If  the  joint  is 
opened  and  drained  antiseptically  at  an  earh-  stage,  recovery  with  a 
movable  joint  may  still  be  obtained ;  and  even  in  neglected  cases  a 
■rextitut!"  ml  iiitfgntm  is  possible  with  the  help  of  antiseptics.  In 
otlier  instances  the  acute  suppuration  becomes  chronic.  Very  often 
recovery  takes  place  with  more  or  less  stiffness,  or  with  partial  or 
complete  obliteration  of  the  joint.  When  the  joint  is  obliterated  the 
granulation  tissue  which  is  present  changes  into  cicatricial  tissue^i,  e., 
a  cicatricial  connective- tissue  anchylosis  develops,  though  sometimes 
the  stiffness  is  due  to  bony  union  of  the  articular  ends  of  the  bones 
(bony  anchylosis;  see  |  118,  Aaehylosis).  The  worst  cases  terminate 
in  death  from  pyEemia  or  septieseniia,  the  latter  coining  on  with  great 
rapidity  in  the  case  of  putrefaction  of  a  joint,  unless  operative  measures 
are  very  speedily  and  energetically  adopted. 

Suppuration  of  joints  in  arthropathies  is  described  in  §  117,  and 
the  spontaneous  dislocations  which  occur  in  acute  inflammations  of 
joints  in  §  122  (Luxations). 

The  contractures  which  t-nke  place  in  the  course  of  acute  joint  dis- 
eases are  mainly  reflex  in  their  nature  isee  pages  5(i!f  and  575). 

The  Primary  Aonte  Suppurative  SynovitiB  of  Small  CMldrea— Krause 

has  recently  described  a  primary  acute  suppurative  synovitis  of  small  chil- 
dren on  the  basis  of  observations  mode  in  Volkmann'a  clinic.  The  affection 
occurs  not  infrequently  in  the  form  of  catarrhal  suppurative  arthritis  in 
children  from  one  to  four  years  of  age.  is  always  monarticular,  ami  attacks 
most  commonly  the  shoulder,  ankle,  elbow,  and  hip  joiuts.  The  course  is 
very  acute,  and  is  accompanied  by  Ihe  symptoms  of  a  phlegmon ;  but  after 
freely  opening  the  joint  recovery  usually  takes  place  rapidly  without  dis- 
turbance of  function.  Satisfactory  results  are  often  obtained  even  in  the 
cases  where  the  pus  has  spontaneously  ruptured  externally,  and  in  neglected 
cases.  Not  infrequently  spontaneous  luxations  occur.  Krause  found  tho 
Streptococcus  pyogenea  in  the  pus.  Sometimes  auppurative  inilamma- 
tions  of  joints  are  ol>served  during  early  childhood  in  conjunction  with 
injuries  or  the  acute  exanthemata ;  they  are  generally  caused  by  the  Staph- 
ylopnccus  pyogenes  aureus  or  albue,  and  have  a  pronounced  pysemic 
chni'act^-r. 

Croupous  Synovitis. — ^Many  authorities,  including  Bonnet,  liave  recog- 
nised, in  addition  to  the  serous  and  suppurative  synovitis,  a  criju])ou»  syn- 
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ovitis  which  is  analogoua  to  the  croupous  iaflammation  of  i 
braiies.  In  the  croupous  sytio\'ilia  there  are  found  in  iLe  cavity  of  the  joint 
large  amounto  of  coagul&t^  fibrin ;  the  atfected  joints  are  very  painful,  but 
only  slightly  swollea,  and  Hiictuation  is  absent.  The  coui'se  of  this  more  or 
less  dry  arthritis  is  nnfavii arable,  inasmuch  as  the  joint  becomes  oblileruted 
in  the  majority  of  instances,  and  firm  anchylosis  results.  As  a  matter  of 
fact,  there  are  iuQammations  of  joints  which  run  a  very  dry  course:  hut 
it  seems  to  me  questionable  whether  in  these  cases  there  is  really  a  croupous 
inllammiition  of  tlie  joint, 

Etiolo^  of  Acnte  Inflammations  of  Joints. — The  canees  of  acute  pri- 
mary inflammations  of  joints  are  in  tlie  main  traumatic,  and  are  chiefly 
to  be  as<?ribed  to  iDfectioii  of  some  injury  by  niicro-organisms.  Every 
suppurative  artiiritia  is  due  to  the  preeence  of  bacteria.  In  the  caee 
of  a  serous  synovitia,  however,  taking  cold  cannot  be  left  out  of 
account  as  a  primary  or  exciting  cause.  Primary  acute  inflammations 
of  joints  very  often  originate  secondarily — i.  e.,  they  are  either  the 
result  of  disease  of  the  adjoiniDg  tissues,  such  as  the  medulla,  perios- 
teum, etc,  or  they  are  the  local  expression  of  a  general  systemic  infec- 
tion— in  other  words,  they  are  metastatic  inflammations  which  gener- 
ally develop  simultaneously  in  several  joints.  In  the  latter  category 
belong,  for  example,  the  iuflammations  of  joints  occurring  in  the  course 
of  pytemia,  typhoid  fever,  the  acute  exanthemata,  and  of  pneumonia  in 
consequence  of  infection  by  Fraukel's  pnenmocoecne,  also  polyarticular 
rheumatism,  artliritis  nrica  (gout),  goiiorrhceal  rheumatism,  the  inflam- 
mations of  joints  arising  in  tlie  course  of  syphilis,  chronic  lead  poison- 
ing, etc.  We  must  refer  the  reader  to  the  text-books  on  internal  medi- 
cine for  the  description  of  acnte  polyarticular  rheumatism.  It  will 
suffice  to  say  here  that  the  entire  course  of  this  disease  suggests  an  in- 
fection by  micro-organisms  with  localisation  in  the  joints  and  other 
serous  cavities  (the  endocardium,  for  example).  The  inflummation  of 
the  joints  is  generally  serous,  but  it  may  occasionally  be  suppurative  in 
Its  nature.  'Y^\ie  Diphx-occim  pneumonia  oi  Friinkeland  Weichselbaum 
has  been  found  in  the  pus  in  acute  articular  rheumatism.  At  all 
events,  there  are  many  different  kinds  of  micro-organisms  concerned  in 
the  so-called  acute  polyarticular  rheumatism.  The  acute  rheumatism 
that  occurs  during  pregnancy  very  frequently  runs  a  severe  and  pro- 
tracted course,  usually  lasting  much  longer  than  the  pregnancy,  and 
teniiirifitiiij;  in  ani-hylouis.  particnlrtrly  of  the  knee  Hiid  writit  iNftordenl. 

The  Secondary  Inflammations  of  Joints  which  Occur  in  the  Course  of 
Acute  Infections  Diseases  (Pyeemia,  Acute  Exanthemata,  etc). — The  in- 
flammations of  joints  which  occur  in  the  course  of  acute  infectious  dis- 
eases (pysemla,  erysipelas,  puerperal  fever,  measles,  scarlet  fever,  small- 
pox, typhoid  fever,  diphtheria,  pneumonia,  mumps,  glanders,  dysentery, 
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€tc.)  are  mostly  of  the  suppurative  variety,  and  the  bacterial  fortu 
which  are  characteristic  of  the  primary  disease  are  usually  found  in  tie 
exudate  contained  in  the  joint.  In  the  case  of  pneumonia  the  snppo. 
rative  arthritis  following  infection  by  Frankel's  pneumococcos  mj 
develop  before  or  after  the  pneumonia  itself.  The  pyaemic  inflamma- 
tions of  joints  run  the  course  of  an  acute  suppurative  catarrh  or  of  an 
acute  pyaemic  gangrenous  arthritis,  and  the  disease  is  almost  always 
multiple.  If  the  patient  recovers  from  the  pyaemia  the  inflammation 
of  the  joints  will  ordinarily  subside  with  great  rapidity,  and  not  infre- 
quently the  joints  will  regain  perfect  motion  where  one  would  expect 
fitiflfness.     Other  cases  run  a  very  chronic  course,  like  cold  abscesses. 

The  inflammations  of  joints  which  occur  in  the  course  of  the  acute 
exanthemata  (scarlet  fever,  measles,  small-pox,  typhoid  fever,  diphthe- 
ria, dysentery,  etc.)  present  the  picture  either  of  acute  polyarticniar 
rheumatism  or  of  suppurative  pyaemic  arthritis.  During  convales- 
cence from  the  acute  infectious  diseases,  however,  we  meet  with  pro- 
nounced, serous,  monarticular  exudations  into  the  joints  which  only 
cause  a  slight  amount  of  pain ;  this  is  particularly  apt  to  happen  in 
typhoid  fever.  O.  Witzel  has  recently  called  attention  to  the  frequent 
occurrence  of  inflammations  of  bones  and  joints  during  acute  infectioos 
diseases.* 

Suppuration  in  Heuropathic  Bone  and  Joint  Disease. — Suppuration  ia 
neuropathic  bone  and  joint  disease  is  discussed  in  §  117.  The  analge6>a 
which  is  the  result  of  disease  of  the  spinal  cord  (tabes,  syringomyelia, 
etc.)  and  peripheral  nerves  is  an  important  etiological  factor  in  the 
production  of  this  kind  of  suppurative  arthritis,  for  the  reason  that  the 
patients,  in  consequence  of  the  absence  of  their  sense  of  pain,  neglect 
injuries  which  they  receive,  and  this  allows  suppurative  infection  to 
take  place. 

OonorrhcBal  Arthritis. — Gonorrhoeal  inflammations  of  joints  occnr 
most  commonly  during  the  first  month  of  the  gonorrhoea.  Nolan  fonnd 
that  gonorrhceal  arthritis  developed  sixty-four  times  in  the  first  month, 
eleven  times  in  the  second  month,  and  twelve  times  later  on — in  some 
cases  even  years  afterward  (Bennecke).  Generally  speaking,  the  joints 
become  the  seat  of  metastatic  inflammation  only  when  the  gonorrhoea 
has  involved  the  deeper  portions  of  the  urethra,  thus  allowing  the  mi- 
cro-organisms to  get  into  the  circulation  more  easily.  Aman  has  found 
gonococci  in  the  blood.  The  tendons  and  tendon  sheaths,  bursse,  nerreS) 
eye,  endocardium,  and  pericardium  are  also  sometimes  attacked  by 
metastatic  inflammation  in  gonorrhoea.  Gonorrhoeal  inflammations  of 
joints  are  only  rarely  caused  by  the  gonococcus;  in  the  majoritvof 

♦  Bonn,  Max  Cohen  &  Son,  1890,  p.  146. 
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ases  Btaphjlocoeci,  streptococci,  pncumococci,  etc.,  have  been  foond. 
?iie  pue  cocci  occur  in  tlie  exudate  either  alone  or  with  gonococci. 
leoerally  ape&ting,  it  is  not  often  possible  to  detect  gonococci  in  the 
mdate.  BenDecke  found  gonococci  only  once  in  fifty-eight  gonor- 
hceal  joints  in  thirty-eiglit  patients.  They  are  found  most  frequently 
1  the  tissues— e.  g.,  the  superficial  layers  of  the  synovial  membrane, 
Qd  this  explains,  perhaps,  why  they  are  so  rarely  present  in  the  exu- 
ate.  This  gonoiTh<Bal  inflammation  attacks  by  preference  the  knee 
dnt,  though  the  affection  often  occurs  in  a  multiple  form  involving 
everal  joints,  and  as  a  rule  is  serous  or  sero-fibrinous,  very  rarely  sup- 
inretive,  in  its  nature.  Quite  often  there  is  s  very  considerable  exu- 
lition  into  the  joint.  In  three  hundred  and  eight  eases  Nolan  states 
bat  the  knee  was  affected  eighty-six  times,  the  ankle  fifty-two,  the 
Itoalder  twenty-nine,  the  wrist  twenty-six,  the  hip  fifteen,  the  fingers 
mdtoes  seventeen,  etc.  Out  of  one  hundred  and  eighteen  cases,  only 
VGDty-tbree  were  monarticular,  and  in  fifteen  cases  many  joints  were 
Dvolved.  The  course  of  gonorrbceai  rtieuniatisni  in  the  majority  of 
n§tances  is  favourable, 
iiid  after  the  joint  has 
teen  punctured  once  or 
ffice  the  effusion  dis- 
ippears  entirely,  but  re- 
flrrences  of  the  affec- 
ion are  rather  common.         :-   "'    ■";-_i  '■'■  J.  ■                 -  ■  -  ' 

There    are    also    cases         ,",  .'.  .."-    ',r.'''-      .'                 -        ". 
tliich  run  a  very  chron-             '     "'  ■                                        .    ■'- 
t  conrse,    like    tumor  

„  ,     .   .         1    ,  Fio.  iST.— Deposit  of  uno-acid  sbIIb  wilhm  the  Brtioular  car- 

iluDB,     arthntlB      defor-  tilage  of  the  kucc  in  t^out. 

nans,  or  chronic  articu- 

u  rbenmatism,  terminating  in  partial  or  complete  anchylosis ;  the 
e»ere  forms  of  the  diseaae  have  a  marked  tendency  to  permanent 
liBtnrbances  of  the  mobility  of  the  joints.  There  are  also  markedly 
oijiguant  cases,  and  such  go  on  quickly  to  suppuration  of  the  joint 
nd  soft  parts.     For  the  treatment,  see  page  693. 

Th«  Acute  InfiammatiDni  of  Joints  which  ocoui  in  the  Course  of  Syphi- 
i— In  the  course  of  syphilis  there  are  likewise  observed  monarticular 
nd  polyarticular  inflammations  of  joints  which  are  like  a  monarticular 
ydwthros  of  the  knee,  or,  when  polyarticular,  like  acute  rheumatism, 
ie  chronic  syphilitic  inflammations  of  joints  are  discusserl  in  §  114. 

Qaat (ArthritMUrica). — Gout  is  an  expression  of  the  uric-acid  dys- 
■asia.     The  blood  contains  an  excess  of  the  salts  of  uric  acid,  which 
■e  deposited  especially  in  the  articular  cartilage  (Figs.  437  aud  438),  the 
47 
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capule,  the  ligameBts,  aod  in  tlie  parts  BUironading  the  jointa.  EUtem, 
to  whose  painstaking  study  of  gout  we  are  greatly  indebted,  has  pro- 
dneed  the  disease  experimentally  in  cocks  by  tying  off  the  nretere  ami 
destroying  the  secreting  parenchymatous  portion  of  the  kidneys.  Thii 
very  painful  inflammation  occurs  in  the  form  of  paroxysms,  and  mort 
commonly  attacks  the  joints  of  the  toes  {jtoda^ra),  less  often  tboee  of 
the  fingers  or  wrists  {c/tiragra),  for  the  reason  that  disturbances  of  cir- 
culation more  readily  take  pUce  in  the  terminal  parts  of  the  Wj. 
Arthritis  urica  is  mainly  a  disease  of  the  higher  classes,  and  ia  mott 
common  in  England  thin 


on  the  Continent,  maldog 
its  appearance  at  the  eir- 
liest  abont  the  thirtieth  to 
the  thirty -fifth  year  of  life. 
Gout  b^Ds  with  a  Eenw 
effusion  into  the  afiected 
joint,  which  is  very  apt  to 
be  the  one  between  the  met 
atarsos  and  first  pbaliu 
of  the  great  toe.  Then  follows  the  deposition  in  and  around  the  juut 
of  crystals  consisting  of  urate  of  sodinm  and  compounds  of  one  tod 
with  calcium,  magnesium,  ammonia,  and  hippuric  acid.  The  skinH 
very  much  •reddened,  and  is  exceedingly  tender  upon  the  slightot 
pressore.  Usually  a  complete  restitutio  ad  integrum  ensues,  but  ii* 
much  as  the  attacks  are  frequently  repeated,  deforming  inflammatiiw 
of  the  joints  may  eventually  develop,  which  consist  in  a  fibrillation  ami 
abrasion  of  the  cartilage,  thickening  of  the  synovial  membrane,  p«i' 
articular  tissues,  etc.  There  is  also  a  formation  of  circumscribed  Dod- 
ules,  gout  nodes  (tophi)  as  they  are  called,  containing  chalky  depoaB- 
Furthermore,  patients  with  gout  suffer  from  progressive  degenereliT» 
changes  in  the  internal  organs,  especially  in  the  kidneys  and  walUoi 
the  vessels  (atheroma  of  the  vessels).  The  post-mortem  esaiiii[i«tioii 
of  individuals  wlio  have  had  this  disease  reveals  with  remarkable  ft- 
qneney  pulmonary  emphysema  and  chronic  interstitial  nephritis;il» 
calcification  antl  degeneration  of  the  valves  of  the  heart,  particnhrij 
those  of  the  aorta,  apoplexies  of  the  brain  in  consequence  of  atherona 
of  the  walls  of  the  vessels,  etc. 

Acute  influiumations  of  joints  occurring  in  sttacksand  presentin?* 
clinical  picture  which  is  like  arthritis  urica,  are  also  sometimes  obser'W 
in  the  course  of  chronic  lead  poisoning. 

The  Diagnoais  of  Aente  Inflammation  of  a  J'omt.— The  d  iagnosis  of  k* 
ai-thritis  can  in  Iheniajority  of  instances  be  made  with  ease  from  the  ikat'i^ 
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tion  ffiven  above.  In  making  the  examiiietion  the  diseased  side  should 
always  be  compared  with  tlio  healt)iy  oue,  Any  exudate  which  uiay  be  con- 
tained in  the  joint  adapts  itself  to  the  form  of  the  latter.  A  test  puncture 
with  a  hypodermic  needle — which,  of  course,  must  be  carried  out  with  every 
antiseptic  precaution — will  give  accurate  information  as  to  the  nature  of  the 
exudate  in  the  joint,  whether  it  is  serous  or  purulent.  For  the  rest,  I  must  I 
refer  the  reader  to  what  we  have  said  as  regards  diagnosis  in  the  chapter  on 
In  Aam  I  nation  (see  pages  253.  2u3j. 

The  TreatmeiLt  of  Acute  Inflammation  of  a  Joint — The  treatment  of    I 
acute  serous  synovitis,  acute  iiydurtliros,  consiets,  at  the  outset,  in  main-     I 
taiuiug  the  part  in  a  quiet  (elevated)  position,  possibly  with  the  aid  of    1 
Bplints,  and  in  the  application  of  ice.     As  soon  aa  the  iDflanimatory 
manifestations,  especially  the  pain,  have  subsided,  the  serous  exudate     I 
which  may  be  present  should  be  caused  to  disappear  by  eonipression 
with  elastic  bandages — the  ordinary  mbber  baudaf;e,  for  example — and 
by  maasage  practised  once  or  twice  daily,  and  the  patient  then  per- 
mitted to  walk  about.     The  treatment  by  rest  should  not  be  continued 
too  long  a  time  in  acute  hydarthros,  for  the  reason  that  the  affection 
may  then  easily  take  on  a  chronic  character. 

If  the  effusion  is  under  great  tension,  if  absorption  is  delayed,  or  if 
the  hydrops  has  become  chronic,  the  joint  should  be  punctured  aseptic- 
Mij.  The  area  of  skin  over  the  joint  is  carefully  scrubbed  with  soap, 
shaved,  and  washed  with  a  live-per-cent.  solution  of  carlx>lic  acid  or  a 
one-tenth-per-cent.  solution  of  bichloride  of  mercurj-.  The  effusion  in 
the  joint  is  then  comjiressed  with  the  left  hand,  and  the  joint  opened 
with  a  trocar  which  has  been  sterilised  by  boiling  it  for  live  to  ten  min- 
utes in  a  one-per-cent.  solution  of  sotia  (see  page  75,  Fig.  65(,  or  by 
heating  it  red-hot,  or  with  a  large  hollow  needle  of  an  aspirator  simi- 
larly sterilised,  or  simply  by  puncture  or  incision  witli  the  knife.  After 
the  exudate  has  been  evacuated  the  joint  can  be  washed  out  with  a 
three- per -cent,  solution  of  carlwlic  or  a  one-tenthper-ceut.  solution  of 
bichloride.  In  pure  serous  effusions  I  usually  avoid  this  washing  out,  but 
do  it  if  the  effusion  is  sero-fibrinous  and  contains  llocculi  of  pus.  After 
puncturing  it  the  joint  is  immobilised  by  splints  and  an  antiseptic  dresa- 
ing  which  e.xerts  pressure.  The  aseptic  puncture  of  a  joint  with  the 
trocar,  aspirator,  or  knife  is  entirely  devoid  of  danger  if  the  rules  of 
asepsis  are  carefully  observetl  and  if  pains  are  taken  to  prevent  the 
entrance  of  air  into  the  joint — in  short,  if  the  o|>eration  ie  performed 
with  the  utmost  possible  caution. 

Treatment  of  Aoate  Sapporatire  Arthritis, — If  tliere  is  pronouuced 
suppuration  in  a  joint,  aseptic  puncture  followed  by  irrigation  of  the 
joint  with  a  three -jier-cent.  c8rl>olic  or  one-tenth-per-cent.  bichloride 
solution  may  be  practised  in  those  cases  in  which  the  suppuration  is 
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still  in  its  inception ;  but  if  the  suppuration  is  well  marked  and  there  is 
high  fever,  the  joint  must  be  immediately  opened  by  a  free  incision  and 
drained  (§  31),  and,  if  necessary,  resection  of  the  joint  (§  40)  mnetbe 
performed.  If  the  test  puncture  (with  the  hypodermic  needle)  reveak 
acute  suppuration,  the  expectant  treatment  by  elevation,  ice,  and  immo- 
bilising dressings,  which  used  to  be  employed,  should  be  discarded^and 
operative  treatment  by  incision  and  drainage  or  resection  shonldbe 
straightway  adopted  in  its  place.  Dhi  pits  ibi  eva<^ua !  After  the 
operation  the  joint  is  placed  in  a  suitable  position  and  carefully  immo- 
bilised by  splints  and  antiseptic  dressings.  When  the  arthritis  is  sup- 
purative a  careful  examination  should  always  be  made  to  determine 
whether  periarticular  collections  of  pus  are  present.  In  cases  where 
the  suppuration  is  severe,  permanent  antiseptic  irrigation  should  be 
used  (page  181).  In  the  worst  forms  of  suppurative  arthritis  witli 
putrefactive  changes  it  is  often  necessary  to  perform  an  amputation  in 
order  to  save  the  patient's  life.  If  after  suppuration  of  a  joint  recor- 
ery  takes  place,  with  motion  in  the  latter,  we  improve  the  motility  m 
much  as  possible,  after  the  inflammation  has  completely  subsided,  bj 
passive  motion,  massage,  and  electricity.  If  recovery  takes  place  with 
anchylosis,  the  joint  must  be  made  to  assume  a  position  which  will  be 
as  useful  as  possible  for  the  patient.  The  ankle  and  the  elbow,  for 
example,  should  be  kept  in  a  right-angled  position,  but  the  other  joints 
must  be  extended. 

The  treatment  of  the  secondary,  metastatic  inflammations  of  joints 
is  precisely  the  same  as  for  those  which  are  primary.  If  many  joirts 
are  attacked  by  suppuration,  and  there  is  a  severe  or  hopeless  constitn- 
tional  disease,  one  would  probably  relinquish  all  idea  of  adopting  ener- 
getic operative  measures,  and  simply  provide  an  escape  for  the  pas  by 
incision  and  drainage,  and  alleviate  any  pain  which  the  patient  may 
suffer. 

Treatment  of  Acute  Polyarticular  Sheumatism. — Acute  polyarticniar 
rheumatism  is  treated  by  immobilisation  of  the  joints  with  splints  of 
wood,  pasteboard  (see  page  224),  plaster  of  Paris,  or  water-glass ;  bj 
placing  the  limb  in  an  elevated  position,  and  by  administering  interadly 
diaphoretics  and  diuretics,  particularly  salicylic  acid  or  salicylate  of 
sodium  (3.0  to  6.0  grammes  j^o  die),  I  ordinarily  give  to  adults  foor 
to  six  grammes  of  salicylate  of  sodium  in  wafers  or  a  mucilaginoitf 
mixture  (with  aq.  dest.  and  mucilag.  gummi.  mimos.,  fid  60.0  gramme*) 
about  every  two  to  three  hours.  If  0.50  to  1.0  gramme  of  salicyKc 
acid  are  given  in  wafers,  or  the  above-described  mixture,  one  shoold 
not  neglect  to  make  the  patient  drink  a  glass  of  water  after  each  dose, 
as  otherwise  the  stomach  may  easily  become  disordered.     I  must  refer 
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the  reader  to  the  text-books  on  internal  medicine  for  the  rest  of  tlie 
treatment  of  acute  polyarticular  rheniuatisDi,  including  any  cardiac 
com  plications  which  may  arise. 

Treatment  of  Qont,— Tiie  fofol  treatTnent  of  gout  consists  in  allevi- 
ating the  pain  by  placing  the  part  in  a  proper  (elevated)  position  and 
in  enclosing  the  inflamed  joint  in  cotton  witli  slight  pressure.  The 
joint  in  question  is  painted  over  with  fat  or  vaseline  and  envelope<l  with 
dry  cotton,  or  a  hydropathic  dressing  is  applied  around  it.  Lithium, 
salicylate  of  sodium,  etc.,  are  given  internally.  Diaphoretic  remedies 
are  supposed  to  shorten  the  attacks.  The  patient  is  put  upon  a  light 
diet,  and  Moselle  wine  with  seltzer,  or  some  such  beverage,  is  given 
him  to  drink.  The  morbid  diathesis  is  treated  by  a  moderation  in  the 
patient^s  mode  of  living,  especially  as  regards  alcohol,  by  a  meat  diet, 
which  must  not  be  too  excessive,  and  by  the  use  of  Carlsbad,  Kissin- 
gen,  Marienbftd,  Wiesbaden,  Levico,  Vichy,  and  other  saline-spring 
waters ;  the  hot  baths  of  Uastein,  Teplitz,  Wiesbaden,  etc.,  are  also 
worthy  of  recommendation. 

Treatment  of  GonorrhtBal  Bhenmatiim. — The  milder  cases  of  gonor- 
rhceal  inflammations  of  joints  are  treated  by  rest  in  bed,  by  ice,  by 
immobilising  dressings,  and  by  a  simple  diet.  Ice  is  sometimes  not 
well  borne,  and  local  lieat  (see  page  698)  may  have  to  be  substituted 
particularly  for  the  pain,  I^lzer  reconmiends  warm  turpentine  baths 
from  40''-42''  C.  (KH'-lOT.e"  F.)  for  \(\--2u  minutes.  From  150-800 
grammes  of  a  mixture  of  equal  parts  of  soap  and  spirits  of  turpentine 
are  added  to  each  bath.  Internally  bs  much  as  4-6  grammes  of  sali- 
cylate of  sodium  may  be  given  pro  die,  or  3  grammes  of  potassium 
iodide,  which  usually  cause  a  rapid  improvement  in  the  pain  and 
inflammatory  symptoms.  Li  the  caae  of  large  effusions  puncture  and 
antiseptic  irrigation  of  the  joint,  as  described  above,  should  not  be  too 
long  delayed.  In  the  rare  instances  of  suppuration  of  the  joint  the 
rules  given  on  page  691  should  be  followed.  For  gonorrhoea!  rbea- 
matism  Vogt  recommends  the  injection  of  a  bichloride-of-mercury 
solution  into  the  joint  (0.1  gramme  bichloride,  1.0  gramme  sod.  chlor., 
and  aq.  destil.  .5f'.0  cubic  centimetres;  three  to  five  hypodermic 
syringes  to  \k  injected  into  the  joint  each  time  at  intervals  of  three 
days).  Kiinig  praises  injections  of  a  five-per-cent,  carliolic-acid  solu- 
tion. During  the  acute  inflammatory  stage  of  the  arthritis  the  treat- 
ment of  the  gonorrhfea  which  is  present  should  be  deferred,  but  later, 
under  all  circumstances,  it  must  be  cured  as  soon  us  possible  (see 
RegioQftl  Surgery).  After  the  inflammation  of  the  joint  has  subsided 
it  will  often  l>e  advantageous  to  wear  an  elastic  bandage,  and  a  splint 
apparatus  may  possibly  be  necessary,  particularly  in  the  case  of  the 
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knee,  if  the  latter  has  been  inflamed  for  some  time.  I  do  not  think 
that  massage  should  be  used  after  the  subsidence  of  a  gonorrhoea! 
arthritis,  for  the  reason  that  recurrences  of  the  affection  may  thus  be 
lighted  up,  the  micro-organisms  being  again  introduced  into  the  ciren- 
lation  and  carried  off  to  other  portions  of  the  body.  I  have  seen 
very  satisfactory  and  permanent  cures  brought  about  in  protracted 
and  malignant  cases  from  Turkish  baths,  from  the  local  use  of  heat 
(104°-122°  F.)  and  from  life  in  southern  climates  (Riviera,  Sicilj, 
Egypt,  Tunis).  Bier  recommends  the  use  of  passive  hyperemia  (com- 
bined sometimes  with  the  local  use  of  heat),  which  is  said  to  be  success- 
ful in  fresh  cases  as  well. 

The  symptomatology  and  treatment  of  the  acute  inflammatioDS 
of  individual  joints  is  described  in  the  Text-Book  on  Eegional 
Surgery. 

^  114.  The  Chronic  InflammationB  of  Joints. — The  chronic  inflam- 
mations  of  joints  are  divided,  according  to  differences  in  pathology,  into 
two  main  groups,  namely,  the  dry  (arthritis  sicca)  and  the  ex^daim 
inflammations  of  joints  (arthritis  exudativa,  with  or  without  a  forma- 
tion of  new  tissue  or  of  granulations).  The  subject  of  chronic  arthritis 
is  of  verv"  great  practical  importance,  and,  among  others,  Billroth, 
Bonnet,  Volkmann,  Oilier,  C.  Hueter,  and  Konig  have  done  much  to 
advance  our  knowledge  of  it. 

I.  Chronic  Serous  Synovitis  or  Arthritis  {Hydarthros^  Chronic 
ffydroj/s  of  a  Joint^  Chronic  Dropsy  of  a  Johit). — Ilydarthros,  or 
chronic  articular  hydrops,  either  begins  very  gradually  as  such,  or  it 
follows  an  acute  serous  synovitis. 

The  pathological  changes  are  essentially  as  follows :  The  fluid  which  col- 
lects in  the  joint  is  either  thin  and  watery,  or  it  is  thick,  gelatinous,  or  colloid. 
The  exudate  is  sometimes  remarkably  rich  in  endothelium  ( Vol kmann's  endo- 
thelial catarrh).  The  secondary  changes  in  the  cartilage  and  capsule  of  the 
joint  are  usually  slight ;  but  after  the  process  has  lasted  a  long  time  the  svno- 
vial  membrane  becomes  thickened,  the  villi  are  increased  in  size  and  numbers, 
the  joint  cartilage  becomes  thickened  and  fibrillated,  and  the  synovial  mem- 
brane grows  over  the  free  surfaces  of  the  cartilage  (Hueter's  synovitis  hyper 
plastica  he  vis  or  pannosa).  The  synovial  membrane  occasionally  projects 
through  the  stretched  external  fibres  of  the  capsule  in  the  form  of  a  synovial 
hernia.  After  the  hydarthros  has  existed  a  long  time  the  ligaments  aud 
capsules  of  the  joint  become  stretched,  sometimes  to  such  a  degree  that  tlie 
joint  loses  its  normal  firmness  and  becomes  flail-like,  and  displacements,  sub- 
luxations, or  complete  luxations  of  the  articular  ends  of  the  bones  follow,  I^ 
a  rupture  of  the  capsule  of  the  joint  takes  place  spontaneously,  or  as  a  result 
of  a  traumatism,  a  periarticular  effusion  will  make  its  appearance.  Tl^^ 
neighbouring  nnicous  bursse  which  communicate  with  the  joint  are  oH^^ 
similarly  diseased. 
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The  causea  of  hydarthros  are  traumatisms  (contusions  and  sprains), 
infection,  euch  ae  svphilts  or  gonorrlioea,  taking  cold,  and  the  presence 
of  loose  bodies  in  the  joint, 

Tbe  symptoms  are  in  the  main  the  same  as  those  of  an  acute  seroua 
arthritis,  with  the  single  difference  that  inl^aiDinatory  manifestations 
are  usnally  absent.  Hydarthros,  or  chronic  serous  synovitis,  most 
commonly  occurs  in  the  knee,  and  in  this  situation  the  effusion  into 
the  joint  can  best  be  demonstrated  by  pltu'ing  the  leg  in  tlie  extended 
position.  Very  often,  if  the  affected  joint  is  moved,  a  creaking  and 
rubbing  can  be  felt  and  heard,  and  is  mainly  caused  by  a  thickening  of 
the  synovial  membrane,  by  hypertrophy  of  the  villi,  together  with  an 
increase  in  their  number,  and  by  fibrillation  of  the  cartilage,  or  by  the 
formation  of  loose  joint  bodies.  The  tendency  to  the  formation  of 
free  joint  bodies  (see  §  llTi)  in  hydarthros  occasionally  exists  in  a 
marked  degree.  The  course  of  chronic  serous  synovitis  or  hydarthros 
is  generally  favourable  if  the  disease  receives  proper  treatment,  and 
only  in  r^re  instances  do  we  meet  with  the  alxive- mentioned  deforming 
ehangea  in  the  synovial  membrane,  the  articular  cartilages,  or  in  the 
entire  articular  apparatus. 

The  best  treatment  for  chronic  serous  synovitis  consists  in  the  use 
of  massage  (see  page  520)  and  of  compression  of  the  effusion  by  meana 
of  rubber  or  elastic  bandages.  It  is  of  the  utmost  importance  that  the 
patient  should  not  protect  his  joint— should  not  keep  it  qniet — but 
rather  should  use  it  industriously.  If  this  does  not  bring  about  a  cure 
and  cause  the  effusion  to  disappear,  the  latter  should  be  removed  in 
the  manner  described  above,  by  aseptic  puncture,  with  or  without  a 
subsequent  washing  out  of  the  joint  with  a  three-j)er-cent.  solution  of 
carbolic  acid  or  with  a  one-tenth-per-cent.  solution  of  bichloride  of 
mercury.  After  the  puncture  the  joint  must  of  course  lie  immobilised 
in  a  suitable  (elevated)  position  during  the  next  few  days  liy  an  anti- 
septic dressing  applied  so  as  to  exert  prfe«ure.  If  the  reaction  follow- 
ing the  irrigation  is  too  severe,  it  should  be  combated  with  ice.  As  a 
general  thing,  simple  evacuation  of  the  effusion  by  puncture,  without 
antiseptic  irrigation,  will  suffice  in  the  majority  of  cases  of  hydarthros. 
A  few  days  after  removing  the  effusion  the  joint  should  be  massaged 
and  vigorously  moved,  and  from  time  to  time  enveloped  in  an  elastic 
Itandage.  Any  recurrences  which  may  take  place  can  be  speedily 
cnred  by  massage,  elastic  compression,  and  movement  of  the  joint, 
The  treatment  at  one  time  much  in  vogue,  by  irritation  of  the  skin 
(tinct.  of  iodine)  and  by  the  adminiittration  of  internal  remedies  (tar- 
tar, stibiat.),  has  very  properly  been  abandoned,  and  keeping  the  joint 
quiet  is  actually  injurious.     I  never  make  use  of  the  injection  of  tine- 
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ture  of  iodine  into  the  joint — a  procedure  by  no  means  devoid  of  dan- 
ger. Loose  joints  caused  bj  a  stretching  of  the  joint  apparatus  from 
chronic  effusions  are  treated  according  to  general  rules.  In  two  c&ies 
I  excised  a  portion  of  the  stretched  capsule  of  the  knee-joint,  and  made 
the  rest  of  the  capsule  smaller  by  taking  a  fold  in  it.  The  result  was 
excellent ;  in  both  cases  the  joint  became  normally  movable. 

II.  Chronic  Articular  Sheumatiim  {HAeumatismus  Chrotiicm  Ar- 
ttctUoruniy  Polyarthritis  Rheutnatica  Chronica). — By  chronic  articular 
rheumatism  we  understand  an  inflammation  of  the  synovial  membrane 
running  an  exceedingly  slow  course,  which  occurs  almost  exclusivelj 
in  adults,  generally  after  the  thirtieth  to  the  fortieth  year,  and  alwavs 
attacks  several  joints.  There  is  generally  a  gradually  increasing  dis- 
turbance in  the  function  of  the  joints,  which  ordinarily  in  the  end  leads 
to  complete  stiffness  or  anchylosis  of  the  joint.  In  exceptional  cases 
chronic  polyarticular  rheumatism  has 'been  observed  in  children  and 
young  adults. 

Etiology  of  Chronic  Articular  Bhcinnatimn,  —The  etiology  of  cbronic 
articular  rheumatism  is  varied.  Joint  inflammations  with  very  differeut 
causes  can  run  a  course  like  chronic  rheumatism.  The  real  cause  of  chronic 
rheumatism  is  unknown ;  it  has  nothiug  to  do  with  acute  articular  rheuma- 
tism, does  not  become  complicated  by  cardiac  affections,  and  is  not  influ- 
enced by  the  salicylic  preparations.  Among  predisposing  factors  may  be 
mentioned  catching  cold,  being  wet  through,  damp  dwellings,  poverty,  nerv- 
ous exhaustion,  and  previous  joint  affections.  The  disease  almost  always 
attacks  adults,  and  only  exceptionally  are  severe  cases  observed  in  cbil- 
dreu  with  deformities  of  the  joints,  as  in  arthritis  deformans.  It  has  Dot 
yet  been  proved  that  the  disease  has  a  genetic  connection  with  organic  or 
functional  diseases  of  the  nervous  system,  so  that  it  could  be  regarded  as  a 
central  or  reflex  tropho-neurosis.  As  in  the  case  of  acute  articular  rheuma- 
tism, the  part  played  by  micro-organisms  in  the  etiology  of  the  diseasf 
has  not  yet  been  made  sufficiently  clear.  Schiiller  found  in  chronic  rheu- 
matic joint  inflammations  with  the  development  of  villi,  but  without  suppu- 
ration, short  thick  bacilli,  which  could  be  cultivated  best  at  25''C.,  andin 
the  dark  ;  by  inoculating  rabbits  a  characteristic  clinical  picture  of  the  dis- 
ease is  said  to  have  been  produced.  In  my  opinion,  the  majority  of  cases  of 
chronic  articular  rheumatism  are  due  to  bacterial  infection.  Gonorrhoea  » 
sometimes  a  cause  (see  page  688.  Gonorrhoea!  Arthritis).  Chronic  articular 
rheumatism  occurring  later  in  life  seems  to  be  related  to  arterio-sclerosis. 
and  in  such  case  might  be  regarded  as  a  disturbance  of  nutrition  in  the  joint 
Judjring  from  tlie  very  chronic  course  of  the  disease,  it  seems  possible  that 
there  may  be  several  causes  or  different  kinds  of  infection  which  act  at  one 
time  or  successively. 

The  ((ndtohiictfl  changes  which  occur  in  chronic  articular  rhennia- 
tism  consist  essentiallv  in  a  chronic  inflamraatorv  formation  of  ne^ 
connective  tissue  in  the  synovial   membrane   and   surronnding  pwts 


§n4.]  THE  CHRONIC  INFLAMMATIONS  OP  JOINTS.  697 

whicL  have  a  tendency  to  shrink  and  become  hard  and  dense,  in  a 
fibrillation  of  tbe  cartilajre,  and  in  a  substitution  fur  the  latter  of  vascu- 
lar eoiuiective  tissue.  The  eoLuective-tissue  metaplasia  of  the  eartilago 
is  brought  about  mainly  bj- growth  on  the  part  of  tbe  synovial  mem- 
brane, though  it  is  very  largely  promoted  by  the  iucieased  formation 
of  nifJullaiy  spaces  in  the  deeper  layers  of  cartilage,  and  by  inHamma- 
tury  changes  with  a  formation  of  new  vessels  in  the  subchondral 
medulla.  As  the  new  formation  of  connective  tissue  increases,  the 
cavity  of  the  joint  grows  steadily  smaller.  The  stiffness  of  the  joint^ 
the  anchylosis,  is  at  the  outset  due  to  connective-tisane  adliesions  which 
may  eventually  ossify,  the  process  spreading  from  the  spongiosa  until 
the  entire  joint  may  become  filled  with  bone.  Chronic  articular  rhen- 
matism  never  leads  to  suppuration,  and  never  tu  true  caries,  the  patho- 
logical changes  pr^enting  more  of  a  similarity  to  arthritis  deformans, 
except  that  in  the  latter  disease  there  is  more  an  increased  growth  of 
cartilage,  while  in  the  former  the  cartilage  is  replaced  by  vascular  con- 
nective tissue.  But  deformities  of  the  joints,  subluxations,  and  luxa- 
tions develop  iu  chronic  articular  rLenmatism  as  they  do  in  arthritis 
deformans. 

Chronic  articular  riieumatism  either  follows  an  acute  rheumatism^ 
or  it  begins  insidiously  as  a  chronic  disease  which  lasts  many  years,  and 
is  very  frequently — in  fact,  as  a  rule— incurable.  Gradually  many 
different  joints  become  affected,  and,  in  rare  instances,  all  tlie  joints  of 
the  body, 

Tbe  subjective  symptoms  consist  in  sharp,  severe  pains  felt  now  in 
this  and  now  iu  tliat  joint.  The  movements  of  tlie  joints,  particularly 
in  the  morning,  after  the  night's  rest,  are  limited  and  cause  pain ;  but 
during  the  day.  after  the  patient  has  used  his  limbs  somewhat,  the 
mobility  of  the  joints  improves.  In  other  instances  the  joints  are  so 
painful  that  no  movements  at  all  can  be  performed.  The  joints  are 
usually  somewhat  swollen ;  and  tn  many  cases — i.  e.,  in  the  so-called 
fungous  form  of  articular  rheumatism — the  growth  of  connective  tissue 
is  so  considerable  that  tbe  joints  present  the  appearance  of  tumor 
albna.  If  the  joints  are  moved,  a  creHking  or  crackling  friction  sound, 
dne  to  the  newly  formed  connective  tissue  and  to  the  fibrillation  of 
the  cartilage,  can  very  frequently  be  made  out.  As  a  rule,  subacute 
exacerl>ations  of  the  subjective  and  objective  symptoms  take  place  at 
irregular  intervals,  tbe  joints  lieconie  steailily  stiffer,  and  the  muscles 
atrophy  more  and  more,  so  that  these  pitiable  individuals  grow  con- 
stnntlv  more  helpless,  and  death  often  occurs  from  general  marasmus 
or  Slime  intercurrent  disease.  In  other  cases  the  pnx-ess  comes  to  a 
standstill  with  partial   or  total  anchylosis  of   the   affected  joints.     I 
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saw  a  divinity  student,  forty  years  of  age,  who  had  complete  anchy- 
losis of  both  hips,  both  knees,  the  right  elbow,  and  the  left  wrist; 
and  Percy  found  anchylosis  of  all  the  joints  of  the  body  in  a  French 
oflScer  who  died  in  his  fiftieth  year.  The  skeleton  of  this  officer,  who 
had  suffered  from  chronic  articular  rheumatism  contracted  in  his  cam- 
paigns, has  been  preserved  in  the  ficole  de  M6decine,  and  formg,  to 
all  appearances,  a  single  piece  of  bone. 

The  diagnosis  of  chronic  polyarticular  rheumatism  can,  in  aD 
probability,  be  readily  made  from  what  has  been  said  above;  but 
the  milder  cases  are  often  difficult  to  differentiate  from  gout  and 
arthritis  deformans.  We  have  also  made  the  prognosis  sufficiently 
clear. 

The  treatment  of  chronic  polyarticular  rheumatism  generally  de- 
mands a  great  deal  of  patience,  and  even  then,  I  am  sorry  to  Bay,  \& 
often  entirely  unsuccessful.  In  cases  which  are  not  of  long  standing, 
massage  and  methodical  exercise  of  the  joints  should  be  tried  in  com- 
bination with  hydrotherapy  (baths,  steaming,  douches,  etc.).  The  joint 
should  not  be  kept  quiet  in  the  early  stages  of  a  chronic  rheumatism. 
If  massage  and  movement  of  the  joint  are  too  painful,  they  mast  be 
carried  out  occasionally  under  chloroform  ansBsthesia.  I  have  seen 
very  satisfactory  and  permanent  cures  obtained  by  this  treatment  in 
cases  which  had  not  existed  too  long  b  time.  Furthermore,  hot 
springs,  such  as  Gastein,  Teplitz,  Wiesbaden,  Wildbad,  and  Eagatz- 
Pfiitfers,  a  residence  in  warm  climates,  and  particularly  the  use  from 
time  to  time  of  local  heat,  are  very  valuable.  Heat  may  be  emploved 
in  the  form  of  hot  air,  steam,  packs,  etc.  Internally,  cod-liver  oil  and 
iron,  potassium  iodide,  or  vinum  colchici  seminis  have  been  recom- 
mended ;  the  use  from  time  to  time  of  the  salicylates  is  very  service- 
able. But  often,  on  account  of  the  severe  pain,  massage  cannot  be 
carried  out,  or  the  joints  may  already  have  undergone  too  extensive 
changes.  In  such  eases,  which  are  generally  of  long  standing,  we  are 
often  compelled  to  confine  ourselves  to  orthopaedic  treatment,  placing 
the  diseased  joints  in  a  good  position,  under  chloroform  anaestheaa, 
and  immobilising  them  by  plaster-of -Paris  splints.  As  a  result  of  the 
rest  given  the  joints  by  the  plaster  of  Paris,  the  pain  ordinarily  becomes 
less,  but  at  the  same  time  the  occurrence  of  anchylosis  is  favoured. 
After  having  kept  the  diseased  joints  quiet  by  splints  for  a  long  time, 
it  has  been  my  experience  that  all  hopes  of  the  possibility  of  obtaining 
a  cure  with  a  movable  joint  must  generally  be  given  up,  and  a  recoverf 
with  anchylosis  be  striven  for.  Sonnenburg,  Miiller,  and  others  ha^^ 
recently  obtained  good  results  from  operative  treatment,  consistiDg 
either  in  arthrotomy  and  antiseptic  irrigation,  with  or  without  drain- 
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age,  Bvnovectomy,  and,  in  rare  caees,  in  resection,  Schiiller  recom- 
mends injections  of  sterilised  iodoform -gljeerine-guaiacol  (ten  to  fifteen 
graiiiiiies  of  a  mixture  of  five  grammes  of  iodoform  to  aisty  to  one 
hundred  grammes  of  glycerine  and  twenty  drops  of  purified  gnaiaeol). 
I  Jiave  not  eeen  any  success  from  intra -articular  injections  in  chronic 
rheumatism,  but  I  believe,  with  Somienburg  and  Schiiller,  that  chronic 
articular  rheumatism  in  its  later  stages,  especially  if  there  is  great  pain, 
should  receive  operative  treatment  more  frequently  and  earlier  than  it 
ordinai'ily  does. 

III.  CIiToilio  Sapparatiou  of  JoLnti. — Every  suppuration  of  a  joint  is 
the  result  of  infection  liy  micro -organ  isms.  The  infection  takes  place 
in  conjunction  with  a  trauraatifira,  for  example,  or  by  way  of  the  cir- 
culation, or  in  consequence  of  the  extension  to  the  joint  of  a  suppura- 
tive inflammation  iu  the  surrounding  parts  (medulla,  periosteum,  soft 
parts).  In  chronic  suppuration  of  a  joint  the  synovial  membrane  is 
usually  the  seat  of  an  inflammatory  infiltration  and  is  covered  with 
tibi-o-pnrulent  masses,  the  cartilage  is  cloudy  and  fibrillated,  and  losses 
of  Eubstiince  develop  in  it  (cartilage  ulcers) ;  occasionally  large  portions 
of  the  omilage  necrose  and  separate  from  the  underlying  parts,  or  the 
cartilage  ia  completely  destroyed.  The  suppuration  very  often  spreads 
to  the  medulla,  the  periosteum,  and  the  jieriarticular  tissues.  The  joint 
liecomes  more  or  less  altered  accoi-ding  to  the  severity  and  duration  of 
the  suppuration,  and  in  pronounced  cases  which  have  existed  for  a 
long  time  fibrous  or  Ijony  anchylosis  usually  develops  when  recovery 
takes  place,  as  we  remarked  liefore  in  discussing  the  subject  of  acute 
suppurative  arthritis. 

We  shall  first  take  up  that  form  of  chronic  suppuration  of  joints 
whicii  ie  due  to  tuberculosU. 

n~.  The  Chronic  Fnngous  and  Suppurative  iTubercolari  Inflammationi 
of  Joints  -  Tubercnlosis  of  Joints— Tumor  Albtis— Tubercular  Caries  of 
Joints — Fungus  of  Joints. — All  these  terms  indicate  one  and  the  same 
disease,  viz.,  tulwrculosis  of  joints  or  tubercular  arthritis. 

Tubercular  arthritis  either  begins  primarily  in  the  synovial  mem- 
brane or  it  is  secondary  to  tubercular  foci  in  the  bone.  Mtiller's 
statistics,  obtained  from  Konig's  clinic,  show  that  in  two  hundred  and 
thirtv-two  cases  of  tubercular  arthritis  one  hundred  and  fifty-eight 
started  in  the  bones,  forty-six  in  the  synovial  membrane,  and  in 
twenty-eight  cases  the  point  of  origin  was  uncertain.  We  remarked 
on  page  634  that  tlie  anatomical  structure  of  the  medulla  is  es|iecially 
favourable  to  a  deposition  from  the  blood  of  the  tnl>ercle  bacilli,  and 
we  likewise  emphasJswl  the  fact  that  tulwrcular  arthritis  develops  very 
often  after  the  reception  of  some  traumftism.     Later  investigations 
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have  led  Eonig  to  coDclnde  that  the  primary  form,  begimung  in  the 
synovial  membrane,  is  more  common  than  the  one  secondary  to  disesee 
of  the  bone.  I  agree  with  him  fully.  The  general  subject  of  tuber- 
culoeia  and  of  tuberculosis  of  bone  is  deBcribed  in  §  S3  and  §  105,  and 
tlierefore  we  shall  confine  ourselves  here  to  the  presentation  of  tb 
tuberculofiia  involving  joints. 

The  Fatholof^ical  Changea  whioh  Oooar  in  Tuberoolar  AithritiL-Ths 
patliological  changes  which  occur  when  a  joint  is  infected  by  tubercle  bacilli, 
no  mutter  w)iether  the  iufection  is  primury  m  the  joint  or  secondary  to  ami 
iar  disease  in  the  medulla,  periosteum  or  penarticuUr  soft  parts,  are  u  foj 
lows:  The  bacilli  enter  by  one  or  more  points  of  infection  and  are.wb> 
speak,  planted  in  ditTereut  parts  of  the  joint,  where  they  give  nw  to  thi 
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development  of  tubercles  which  have  the  structure  that  we  described  oa  t 
previous  pa|^  (-1151.  The  synovial  membrane  undergoes  inflammRloff 
changes  and  is  filled  with  characteristic  greyish-white  nodules,  and  aslhi 
tuberculosis  ndvaiices  it  is  possible  to  distinguish  three  different  forms  iJ 
the  disease,  which,  to  be  sure,  merge  into  one  another :  (1)  the  pure  mi'Kn'T 
form,  without  the  formation  of  a  spongy,  so-called  fungous  tissue,  (!1  ll» 
ftingotin  form,  and  (3)  the  fihroufi.  with  the  formation  of  lardaceous  tii«k- 
eniiigs.  The  fungous  form  of  tubercular  arthritis  is  the  most  common. »» 
in  it  the  synovial  membrane  becomes  changed  into  a  spongy,  red  granu''' 
tion  tissue  filled  with  tubercles,  while  during  the  early  stages  the  joiut  con- 
tains a  serous  or  sero- fibrinous  exudate  (hydrops  tuberculosus).  and  later  on 
pus  in  which  there  are  generally  small  particles  of  cheesy  matter  (rtJi 
tubercular,  suppurative  arthritis).  Accordinpr  to  Konig  this  sero-fibrip«* 
effusion  is  Die  fii-st  symptom  within  the  joint,  both  in  the  form  that  starts  in 
tlie  bone  and  the  one  that  is  primary  in  the  synovial  membrane.  ^ 
bodies  ai-o  usually  funned  in  tubercular  joints,  and  are  due  mainly  W  * 
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Old  degeneration  (coagulation  necrosis)  of  tlie  synovial  fluid  (see  page  579 

«ge  681).     The  tubercular  gratiulatioa  tissue  in  courseof  time  grows  into 

irts  of  the  joint,  pushes  its  way  over 

utilage  and  ligaments,  and   pene- 

into  the  hone  and  medulla,  etc. ;  in 
wherever  the  tubercular  granula- 

issue  develops  the  original  tissue  i, 

>yed.     In  tlie  case  of  tuberculosis  of   1 

the  portion  of  the  latter  which  is    | 

ed  hy  the  disease  either  necroses  in 

Fig.  439),  or  several  isolated  seques- 

■e  formed  (Fig.  440),     In  the  caput 

■is,  for  example,  very  characteristic 

form  sequestra  are  frequently  ob- 

1  (Fig.  439)  which  are  similar  to  the 

led  infarcts — i.  e.,  the  necrosis  of  tis- 

«ultiog  from  occlusion  of  the  termi- 

ifferent  arterial  vessel.     These   in- 
have  the  form  of  a  wedge  which 

(ponds  to  the  distribution  of  the  terminal  branches  of  the  affected  ves- 
sels. The  cuneiform  sequestra  which  are 
met  with  in  tuberculosis  of  bone  are  prob- 
ably due  in  the  same  way  to  the  plugging 
of  the  terminal  artery  at  the  apex  of  the 
wedge  with  tubercle  bacilli.  If  the  tuber- 
culosis begins  in  the  bone  the  articular 
cartilage  either  becomes  perforated  like  a 
sieve  by  the  tubercular  inflammation,  or 
it  is  raised  from  the  underlying  parts  more 
or  less  in  toto.  as  in  Fig.  439.  In  the  later 
stages  large  portions  of  articular  cartilage 
may  be  separated  iw  toto  from  the  bone, 
or  the  cartilage  may  be  completely  de- 
stroyed as  in  Fig.  440.  It  is  very  fortu- 
nnte  for  the  patient  if  the  tubercular  pro- 
cess for  example,  in  the  epiphysis  of  a 
long  hollow  bone  does  not  attack  the 
jomt  but  breaks  through  externally  to  it 
This  extra-articular  breaking  through  of 
bone  tuberculosis  in  the  neighbourliood 
of  a  joint  is  a  rather  common  occurrence. 
After  the  tubercular  inflammation  of  the 
joint  has  broken  through  the  joint  capsule 
there  follows  a  develo)>mentof  periarticu- 
lar tubercular  inflammation  and  suppura- 
tion with  extensive  collections  of  pus — the 
so-called  congestion,  cold,  or  gravitation 
a  previous  chapter.  Not  infrequently 
riginate  by  infection  through  the 


ses  which  we  have  spokei 
tra-articular  tubercular  abscesses  c 
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lymph  channels  without  a  rupture  of  the  capsule  having  taken  place.  ssA 
without  the  existence  of  any  visible  communication  between  the  intra-  and 
extra-articular  suppurative  processes.  If  the  lymph  glands  connected  with 
the  joint  become  infected  by  tuberculosis,  the  danger  of  the  tubercle  bacilli 
being  carried  further— in  other  words,  the  danger  of  a  general  tuberculoMS- 
becomes  more  imminent  Very  often  the  tubercular  inflammation  works  ilt 
way  outwards  through  the  skiti  spoati- 
neously,  aud  gives  rise  to  fistula?  \Thieii 
frequently  pass  a  long  distance  throuf^ 
soft  parts  and  bone. 

The  destruction  of  tissue  whicli  takm 
place  in  tubercular  arthritis,  and  is  (In 
result  of  the  progressive  change  of  bone, 
cartilage,  and  soft  parts  into  tubemilw 
granulation  tissue,  which  breaks  don 
and  undergoes  cheesy  degeneration  and 
suppuration,  is  sometimes  very  coimder 
able.    The  entire  head  and  neck  of  tin 
femur  may  thus  be  destroyed  by  cam 
and  necrosis,  and  not  infrequently  aiet- 
sive  ulcerative  processes  lead  to  perfm- 
tion  of  the  acetabulum.     Very  often  ibe 
1/1  ^~.         latter  becomes  enlarged  in  an  upward  di- 
/    S-"^      ^\       rection,  and  the  head  of  the  femur.  W- 
/  _j^r\    \      lowing  the  change  in  the  shape  of  ll« 

^~^I1     Vw     acetabulum,  is  caused  to  assume  a  higher 
I       "^      position — a  phenomenon  which  is  caM 
I     ^  "wandering  of  the   acetabulum"  (Fig- 

441).  lu  the  spinal  column  eulire  vntt- 
bne  may  be  destroyed,  giving  rise  toeor- 
responding  deformities,  especially  kypta- 
sis  or  Pott's  hump  (Fig.  442).  Furtba- 
more,  in  tuberculosb  of  the  vertebra,  ibt 
cold,  congestion  abscesses  which  gndu- 
ally  burrow  downwards  may  attain  a  con- 
siderable size;  they  usually  follow  the  course  of  the  ilio-psoas  muscle.»d 
may  eventually  come  to  the  surface  in  the  thigh  beneath  Pouparl's  liEament 
If  left  to  itself  a  tubercular  focus  may  heal  up  at  any  stage  of  its  enrt- 
ence.  Eecovery  often  takes  place  only  after  the  joint  has  become  com- 
pletely obliterated  or  anchylosed,  but  not  infrequently  the  cure  is  onl.v 
apparent  and  temporary.  If  the  joint  has  not  been  immobilised  in  a  proper 
position  while  the  tubercular  disease  was  in  progress,  contractures  are  Tcry 
liable  to  take  place  ;  and  if  these  affect  the  knee  or  hip,  the  use  of  the  legoV 
Ije  scvtously  interfered  with  or  rendered  impossible  Tsee  Fig.  443). 

The  Development  of  TnbercolBT  AithritU  after  tlie  Injection  of  Tnberdt 
Bacilli  into  the  Joints  of  Animala— If  pure  cultures  of  tubercle  bacilliuc 
inJLH-tL'd  into  tlic  joints  of  guinea-pigs  there  will  be  observe<l.  after  the  lap* 
of  four  to  six  days,  an  increasing  inflanimatory  swelling  aud  exudation  into 
the  joints  under  consideration,  and  towards  the  end  of  the  third  it'e«k  Un 
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fnresence  of  tubercle  bacilli  can  be  plainly  made  out,  and  pus  will  be  found  in 
he  joints.  Pawlowsky  states  that  the  tubercle  bacilli  are  located  mainly  in 
;he  lymph  passages  and  connective-tissue  cells.  If  intravenous  injections  of 
ittenuated  (weakened)  cultures  of  tubercle  bacilli  are  practised  in  rabbits, 
Jie  typical  picture  of  tubercular  disease  of  joints  will  sometimes  be  obtained 
)n]y  after  four  to  five  to  six  months,  while  the  other  organs  will  remain 
Wealthy  (Courmont,  L.  Dor). 

Tubercular  arthritis  runs  an  exceedingly  chronic  course,  as  a  rule, 
and  often  lasts  many  years.  The  disease  most  commonly  attacks  chil- 
dren, though  adults  of  all  ages  are  not  exempt  from  it.  The  joints 
most  frequently  affected  are  the  knee,  the  hip,  the  astragalo-tibial 
joint,  and  the  joints  of  the  tarsus.  Tubercular  arthritis  generally 
Legins  very  gradually,  but  in  rare  instances  is  more  or  less  acute  in  its 
onset.  Very  acute  cases  are  sometimes  observed  in  young  children 
from  one  to  two  years  of  age,  in  which  considerable  pus  is  formed, 
vith  cellulitis  of  the  soft  parts  and  a  rise  of  temperature.  The  pas 
contains  tubercle  bacilli.  The  prognosis  of  these  cases  is  usually 
good  if  the  pus  is  evacuated  promptly,  and  they  are  often  cured  by 
a  ample  arthrotomy,  just  like  tubercular  peritonitis.  If  we  leave  out 
of  consideration  this  special  form,  the  course  of  tubercular  arthritis  is 
usually  as  follows:  The  first  symptoms  of  tuberculosis  involving  the 
hee-joint  of  a  child,  for  example,  are  a  proneness  to  fatigue  and  a 
slight  limp  or  dragging  of  the  leg  in  walking.  After  walking  for 
some  time,  or  if  pressure  is  made  on  the  joint,  the  child  complains 
of  pain.  The  first  objective  symptom  is  generally  a  moderate 
amount  of  swelling,  which  causes  the  furrows  beside  the  patella  to 
become  less  plainly  marked  than  upon  a  healthy  knee.  The  initial 
symptoms  manifested  by  joints  which  are  more  deeply  placed  are  not 
so  apparent  as  they  are  in  the  knee.  As  the  disease  progresses  the 
swelling  of  the  knee  gradually  increases,  and  the  normal  contour  of  the 
joint  disappears  to  a  greater  and  greater  extent.  The  swelling  feels 
lather  hard,  or  it  is  more  soft  and  spongy,  and  is  caused  either  by  a 
thickening  of  the  synovial  membrane  and  periarticular  connective 
tissue,  or,  as  in  primary  osseous  tuberculosis,  by  enlargement  of  the 
•rticular  ends  of  the  bones.  The  skin  is  ordinarily  more  or  less  tense, 
4iid  presents  a  white,  waxy  appearance,  which  gave  rise  to  the  term 
tumor  albns,  formerly  used  to  designate  this  condition.  As  the  swell- 
^g  becomes  greater  the  pain  in  the  joint  increases,  and  is  made  worse 
^y  pressure  and  attempt*  at  motion.  The  pain,  however,  is  not  always 
felt  in  the  diseased  joint,  as  in  tubercular  inflammation  of  the  hip 
^xitis),  for  example,  the  children  very  often  complain  of  pain  in  the 
Ijee,  which  might  lead  an  inexperienced  person  to  search  for  the  dis- 
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-ease  in  the  wrong  place.  This  pain  in  the  knee  accompanying  tuber- 
cular coxitis  is  particularly  apt  to  be  present  when  there  is  tubercular 
disease  of  the  medulla,  the  pain  shooting  through  the  latter  down  to 
the  lower  epiphysis ;  the  phenomenon  used  to  be  looked  upon  as  a  reflex 
manifestation.  Standing  and  walking  eventually  become  impossible, 
and  the  tubercular  inflammation  causes  the  joint  to  grow  more  and 
more  immovable.  The  knee  and  elbow  are  usually  flexed  to  a  greater 
or  less  extent,  and  the  hip  assumes  a  position  of  flexion,  abdoction, 
and  outward  rotation.  At  the  outset  the  abnormal  position  of  the 
joints  can  be  corrected  nnder  chloroform  anaesthesia,  but  later  this 
cannot  be  accomplished  without  operative  interference.  The  distorted 
positions  of  the  joints — the  contractures — may  sometimes,  as  a  result 
of  improper  treatment,  become  very  excessive,  as  illustrated  in  Fig. 
443  ;  but  contractures  like  this  can  always  be  easily  prevented  by  the 
use  of  retentive  dressings  applied  at  the  right  time. 

Attempts  have  been  made  to  explain  this  abnormal  position  a«- 
48umed  by  inflamed  joints  by  (1)  the  mechanical  theory  advanced  bj 
Bonnet,  and  (2)  by  the  reflex  theory.  Bonnet  demonstrated  by  intn- 
■articular  injection  of  a  liquid  that  the  joint  thus  treated  assumes  a 
position  in  which  its  capacity  is  greatest — i.  e.,  increasing  its  contents 
forces  a  joint  like  the  knee  to  become  flexed.  According  to  the  second 
theory,  a  reflex  muscular  contracture  is  produced  by  the  irritation  of 
the  synovial  membrane.  Both  theories  are  right  as  far  as  they  go,  but 
by  themselves  are  not  suflicient  to  answer  the  question — a  fact  which 
Volkmaun  has  correctly  insisted  upon.  It  must  be  borne  in  mind  that 
the  patient  instinctively  places  his  joint  in  a  position  which  diminishe* 
the  pressure  on  the  joint  surfaces  and  causes  him  the  least  pain.  More- 
over, the  mechanical  conditions  connected  with  the  use  of  the  diseased 
extremity,  the  longitudinal  growth  of  the  bone,  and  subsequently  the 
changes  which  take  place  in  the  shape  of  the  articular  ends  of  the 
bones,  have  an  influence  upon  contractures  (see  pages  569  and  575). 

The  further  course  of  tubercular  arthritis — sometimes  called  the 
mcond  stage  of  the  affection — is  characterised  by  an  increase  of  all  the 
pre-existing  symptoms,  especially  the  swelling,  fixation,  and  pain,  and, 
in  addition,  there  are  very  often  manifestations  of  suppuration  in  the 
joint ;  in  other  words,  fever  develops,  the  joint  becomes  very  pain- 
ful at  some  particular  point,  and,  finally,  fluctuation  can  be  detected. 
Suppuration  in  the  joint  is  either  accompanied  by  inflammatory  raani- 
festations  of  variable  intensity,  or  it  runs  its  course  as  a  cold  al)S<^ 
The  amount  of  pus  which  is  present  is  by  no  means  constant,  being  in 
8ome  instances  very  considerable,  while  in  others  the  formation  of  pn^ 
is  slight,  although  the  destruction  of  the  articular  ends  of  the  l^ones 
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may  be  very  marked.  Permanent  deformities  develop  in  consequence 
of  these  changes  in  the  bones,  as  well  as  the  so-called  pathological  or 
spontaneons  dislocations.  The  anatomical  changes  which  follow  sup- 
puration in  a  joint,  the  development  of  periarticular  abscesses  from 
rapture  of  the  pus  in  the  joint  through  the  capsule  or  from  infec- 
tion through  the  lymphatics,  the  occurrence  of  extensive  gravitation 
abcesses,  etc.,  have  all  been  described  above. 

The  patients'  general  condition  is  ordinarily  very  much  altered  for 
the  worse ;  they  are  emaciated,  anaemic,  without  appetite,  and  not  infre- 
quently have  diarrhoea  and  more  or  less  fever. 

Tubercular  arthritis  terminates  either  in  recovery,  or  in  death  from 
fiTStemic  tubercular  infection,  from  tuberculosis  of  the  internal  organs, 
especially  the  lungs  and  intestine,  from  increasing  marasmus,  from 
amyloid  degeneration,  or  from  some  intercurrent  disease.  Tubercu- 
losis is  the  most  common  cause  of  death.  Of  one  hundred  and  thirty- 
five  cases  of  tubercular  arthritis  which  ended  fatally,  Albrecht  states 
that  sixty-four  were  due  to  tuberculosis,  twenty- three  to  marasmus, 
aod  fourteen  to  amyloid  changes;  while  in  thirty-four  the  cause  of 
death  was  unknown.  Billroth  maintains  that  the  danger  of  pulmonary 
tuberculosis  is  greater  after  tubercular  arthritis  occurring  in  the  upper 
extremity  than  when  the  disease  affects  the  lower. 

As  a  general  thing  it  requires  a  very  long  time,  often  years,  for 
recovery  to  take  place  spontaneously  from  tubercular  arthritis.  In 
iQch  cases  there  is  a  gradual  abatement  of  the  local  manifestations,  the 
general  health  improves,  and  any  fistulse  which  may  be  present  close 
up.  When  spontaneous  recovery  takes  place  from  a  pronounced  tuber- 
cnlar  arthritis  with  flstulse,  the  joint  which  has  been  affected  always 
becomes  stiff.  If  no  appreciable  suppuration  has  occurred,  recovery 
not  infrequently  follows  without  operative  interference  and  with  per- 
fect motion  in  the  joint  in  question.  It  is  scarcely  possible  to  say 
with  certainty  when  joints  which  have  been  affected  by  tuberculosis 
have  become  entirely  well,  for  relapses  have  taken  })lace  even  after 
anchylosis  has  existed  for  years.  With  the  modem  methods  of  per- 
forming surgical  operations  we  are  able  to  give  a  more  favourable 
prognosis,  both  as  regards  the  preservation  of  the  joint  and  the  life  of 
the  patient.  Nevertheless,  the  prognosis  of  tubercular  arthritis,  as  Bill- 
«rth  has  remarked,  is  in  so  far  unfavourable,  as  such  individuals  do  not 
'each  an  advanced  age.  There  are,  for  example,  only  comparatively 
few  people  with  anchylosis  due  to  tuberculosis  who  live  to  be  more 
ttan  forty  or  fifty  years  old,  and  only  the  minority  of  children  who 
We  been  operated  upon  for  tubercular  caries  of  a  joint,  and  cured, 

attain  adolescence. 
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Treatment  of  Tubercular  ArthritU — The  therapy  of  tnbercnlar  ar- 
thritis comprises  local  treatment  of  the  diseased  joint,  and  measares 
designed  to  improve  the  general  health  and  render  the  system  capable 
of  successfully  carrying  on  the  struggle  for  existence  with  the  tubercle 
bacilli.  This  constitutional  treatment  is  described  on  pages  431  and 
434  (Constitutional  Treatment  of  Tuberculosis  and  Scrofula). 

Inasmuch  as  tubercular  arthritis  gets  well,  though  very  slowly, 
under  proper  local  and  constitutional  treatment  without  operative 
interference,  it  would  be  entirely  wrong  to  immediately  subject  every 
case  of  tuberculosis  of  joints  to  operation.  Therefore,  at  the  begin- 
ning of  the  tubercular  arthritis  the  local  treatment  should  be  directed 
towards  securing  absolute  rest  for  the  joint  by  means  of  hardening 
dressings  (see  §  54,  plaster  of  Paris,  water-glass),  or  some  of  the  vari- 
ous kinds  of  splints  (see  §  53),  or  by  permanent  extension  (see  §  55), 
the  latter  being  particularly  applicable  for  the  hip.  Sayre  and  Taylor 
have  invented  ingenious  extension  appliances  for  the  lower  extremity 
which  enable  the  patient  to  walk  about.  It  is  also  very  advantageooft 
in  the  case  of  coxitis  to  place  a  raised  sole  under  the  foot  of  the  sound 
side,  and,  by  using  crutches  to  walk  with,  thus  keep  in  suspension 
the  diseased  leg,  which  should  be  maintained  in  a  fixed  position  by 
a  Thomas  splint  (see  Regional  Surgery,  Vol.  Ill,  page  715).  Hydro- 
pathic applications  or  ice  may  also  be  employed  for  acute  or  subacute 
exacerbations  which  are  accompanied  by  pain.  If  contractures  of  the 
joints  are  already  present  when  the  case  comes  under  observation,  they 
must  be  gradually  overcome  by  retentive  (see  page  220)  or  extension 
dressings,  often  with  the  aid  of  chloroform  ansesthesia.  Great  care 
must  be  taken  in  correcting  the  position  of  a  joint  which  has  become 
distorted ;  it  will  often  be  impossible  to  remedy  matters  all  at  once, 
and  the  desired  result  will  have  to  be  accomplished  gradually  in  several 
sittings.  Each  time  that  the  contracture  is  improved  the  joint  should 
be  immediately  fixed  in  its  new  position  by  a  plaster-of- Paris  dressing. 
Massage  should  never  be  practised  at  the  beginning  of  a  tubercnlar 
arthritis,  as  I  have  repeatedly  seen  severe  constitutional  tubercnlar 
infection  caused  by  quacks  who  have  prescribed  it. 

Injections  of  sterilised  ten-per-cent.  iodoform  oil  or  ten-per-cent. 
iodoform  glycerine  (Bruns)  are  exceedingly  valuable  at  the  commence- 
ment of  the  tubercular  inflammation  of  a  joint,  and  later  on  when 
fistulce  have  developed.  The  manner  of  preparing  and  sterilising  tbe 
iodoform-oil  emulsion  is  described  on  page  650.  According  to  the  age 
of  the  patient  and  the  size  of  the  affected  joint,  about  every  two  to  four 
weeks  from  two  to  five  to  ten  grammes  of  the  al)ove-mentioned  rail- 
tiire  are  injected  into  the  joint  and  scattered  through  the  latter  as  faf 
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ttB  possible  by  careful  motion  and  gentle  massage.  I  have  seen  very 
remarkable  Euccess  obtained  by  tbeee  iodoform  injections.  Injections 
of  three -per- cent,  carbolic  acid,  chloride  of  zinc  (seveii  to  ten  di-ops  of 
a  ten-percent,  solution  at  intervals  of  three  to  seven  days  at  different 
points  in  the  vicinity  of  the  joint  or  of  the  tubercular  focus — Lan- 
nelongue),  arsenic  (acid,  arsenios.  1  to  1,000,  one  to  two  hypodermic 
syringefnls  every  day,  combined  with  the  internal  administration  of 
0.0'H  to  0,012  grammes  of  arsenic  pro  di^),  iodoform  ether,  balsam  of 
Peru,  cinnamic  acid,  etc.,  have  also  been  recommended. 

The  treatment  of  tubercular  arthritis  by  Koch's  tuberculin  has  been 
discussed  on  page  431,  I  have  not  seen  any  satisfactory  results  from 
its  use.  Bier's  treatment  by  constriction  for  the  purpose  of  causing 
passive  congestion  is  described  on  page  4^1,  and  the  other  methods  for 
treating  tiiberculosis  in  §  S3. 

It  is  not  always  an  easy  matter  to  decide  whether  operative  meas- 
ures are  necessary,  for  the  simple  reason  that  one  cannot  always  be  sure 
of  the  exact  nature  of  the  pathological  changes  which  are  present.  In 
former  times,  when  the  antiseptic  metiiod  of  treating  wounds  was  tirst 
introduced,  surgeons  went  too  far  and  performed  resections  of  joints 
too  often,  particularly  in  the  case  of  children  who  eutfered  from  tuber- 
cular arthritis.  But  at  present  conservative  treatment  is  employed  as 
much  as  possible,  and  many  joints,  which  would  formerly  have  been 
sacrificed  by  performing  total  resection,  are  now  saved  by  iodoform 
injections,  by  excision  of  the  synovial  membrane,  or  by  scraping  away 
the  diseased  tissne.  Conservatism  should,  however,  not  be  carried  too 
far,  and  some  surgeons  even  to-day  are  in  favour  of  early  and  radical 
operative  measures  in  the  treatment  of  tubercular  arthritis.  The  fre- 
quency of  the  occurrence  of  tubercular  sequestra  shows  that  early 
operative  treatment  is  often  indicated. 

Ilichct,  Kocber,  and  Vincent  have  recommended  ignipunetore  or 
pnnctiform  ustion  made  with  the  fistula  tip  of  the  Paquelin  cautery  or 
witb  the  gaivano- cautery.  1  believe  that  this  procedure  is  suitable 
for  tuberculosis  of  the  synovial  membrane  which  has  not  become  too 
extensive ;  but  after  the  fungous  granulations  have  passed  into  the 
stage  of  suppuration  energetic  operative  measures  are  required.  The 
joint,  after  being  artificially  made  blnoilless,  is  opened  and  the  diseased 
parts  then  removed  with  great  care  by  means  of  scissors,  forceps,  and 
the  sharp  spoon ;  but  typical  resection  of  the  articular  ends  of  the 
bones  should  be  performed  only  in  extreme  cases  (eee  §4'li.  If  the 
tulierciiiosis  is  purely  of  the  synovial  variety,  and  the  bones  are  healthy, 
we  bIiou1<1,  of  course,  preserve  the  latter  and  content  ourselves  with 
excision  of  the  diseased  membrane  (artbrectomy,  synovectomy).    Early 
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as  well  as  late  resection  of  all  children's  joints,  with  the  exception  of 
the  hip,  should  be  confined  to  as  small  a  number  of  cases  as  possible; 
energetic  scraping  away  of  the  diseased  bone  with  the  sharp  spoon, 
but  sparing  the  epiphysis,  or  extirpation  of  the  diseased  synovial 
membrane,  but  leaving  the  bone  untouched  or  removing  some  of 
the  cartilage,  will  almost  always  be  found  sufficient.  By  perform- 
ing early  arthrectomy  with  preservation  of  the  articular  ends  of 
the  bones  in  their  entirety,  or  as  much  of  them  as  possible,  a  perma- 
nent cure  can  often  be  obtained,  and  that,  too,  with  a  movable  joint,  a 
fact  which  is  attested  by  numerous  cases.  Amputation  is  only  per- 
missible in  cases  where  the  saving  of  life  comes  into  the  question, 
where  the  destructive  processes  have  become  very  extensive,  or  where 
the  patient  cannot  survive  the  long  period  of  time  required  for  a 
resection  to  heal.  Other  complications  are  treated  according  to  the 
general  principles  which  apply  to  them.  Cold  abscesses  can  with 
impunity  be  freely  opened,  thoroughly  scraped  out  and  drained.  It 
is  very  important  to  recognise  a  tubercular  focus  in  the  neighboor- 
hood  of  a  joint  before  it  breaks  through  into  the  latter,  and  to 
remove  it  with  the  sharp  spoon.  After  every  operation  for  tubercular 
arthritis  the  wound  should  be  disinfected  as  carefully  as  possible  to 
prevent  infection  with  bacilli  from  thQ  wound.  Iodoform  and  iodo- 
form gauze  seem  to  be  the  most  suitable  dressing  materials,  especiallv 
for  packing  the  joint.  In  most  cases  I  do  not  suture  the  wound,  but 
pack  it  with  sterile  or  iodoform  gauze.  In  the  case  of  the  knee,  I  leave 
the  two  sides  of  the  wound  open,  and  over  the  aseptic  dressing  applja 
plaster  splint,  which  is  kept  on  for  four  to  six  weeks.  When  a  tuber- 
cular inflammation  of  a  joint  has  got  well,  some  suitable  splint  appa- 
ratus, such  as  one  of  those  devised  by  Sayre,  Taylor,  or  Thomas,  should 
be  woni,  especially  on  the  lower  extremity,  to  support  the  limb,  which 
will  still  be  weak.  If  any  abnormal  conditions,  such  as  contractures, 
follow  a  tubercular  arthritis,  they  may  have  to  be  treated  by  tenotomy 
of  the  shortened  muscles — or,  rather,  tendons — by  resection,  arthrotomv, 
or  by  a  wedge-shaped  osteotomy,  below  the  trochanter,  for  example, 
when  the  contracture  involves  the  hip,  unless  they  can  be  stretched 
under  anaesthesia  or  gradually  overcome  by  extension  or  retentive 
appliances  (see  page  220). 

The  treatment  of   tuberculosis  of  the   individual   joints  will  be 
described  in  the  Regional  Surgery. 

V.  The  Syphilitic  Diseases  of  Joints  (see  also  §  84,  Syphilis,  and  f^ 
652,  Syphilis  of  Bone). — The  syphilitic  diseases  of  joints  have  latelv 
been  frequently  and  accurately  described  by  such  men  as  SchiiDer. 
Gies,  Falkson,  etc.,  and  their  occurrence  can  be  readily  understood  rf 
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we  bear  in  mind  that  eyphilie  is  a  specific  infectious  disease.  The 
joints  Ijecome  affected  in  tlie  course  of  sypliiliB,  eooietimes  primarily 
and  sometimes  aecondarily,  after  syphilitic  diseRse  in  the  surrounding 
parts,  particularly  the  periosteum,  medulla,  and  the  epiphyses.  The 
syphilitic  inflanjmations  of  joints  may  he  met  with  duriug  the  early 
stages  of  the  disease  at  the  time  of  the  febrile  eruption,  or  during  the 
later  periods.  Two  main  classes  of  syphilitic  joint  disease  may  be 
distinguished :  first,  simple  inflammatory  affections  without  spei-ific 
Tiew-formations ;  and,  second,  those  in  which  there  are  characteristic 
syphilitic  formations,  particularly  gummata.  The  early  forms  are,  in 
the  main,  serous  synovites,  which  occasionally  make  their  appearance 
in  a  manner  analogous  to  acute  polyarticular  rheumatism.  The  intlanj- 
mations  of  joints  which  occur  in  the  later  stages  of  syphilis  have,  as  a 
rule,  a  pronounced  chronic  character,  and  are  generally  connected  with 
the  formation  of  gummatous  deposits  in  the  periosteum,  the  medulla, 
and  the  synovial  membrane.  After  the  gummatous  nodules  have 
come  to  the  surface  and  ruptured  externally  characteristic  ulcerations 
occasionally  develop.  In  these  late  syphilitic  inllnnimations  of  joints 
there  will  frequently  be  found  in  the  joint  a  gummatous  or  carious 
destniction  of  the  bones  and  sharply  defined  circumscril)ed  losses  of 
substance,  or  radiating,  glistening  white  cicatrices  in  the  cartilage, 
together  with  fibrillation  of  the  latter,  while  in  other  instances  a  con- 
nective-tissue growth  in  the  synovial  membrane,  taking  the  form  of 
imlnrations  or  of  villi,  may  be  more  prominent.  The  pathological 
changes  at  the  first  glance  sometimes  look  like  those  which  occur  in 
arthritis  deformans.  Many  cases  run  a  course  with  a  very  gradual 
increase  in  the  amount  of  swelling,  and  resemble  clinically  tumor 
albus,  but  the  pathological  changes  arc  very  different  from  those  of 
tubercular  arthritis.  In  rare  instances  the  gummatous  nodes  occur  in 
the  synovia!  membrane  in  a  miliary  form  and  may  be  macroscopically 
mistaken  for  tubercles,  and  then  only  a  microscopic  examination  and 
other  manifestations  of  syphilis  which  may  be  present  will  clear  up 
the  diagnosis.  The  indurated,  villous  connective-tissue  growths,  the 
losses  of  substance  and  the  cicatrices  in  the  cartilage,  and  the  gumma* 
tons,  carious  destruction  of  bone  are  characteristic  of  syphilitic  disease 
of  joints.  An  acute,  suliacute,  or  chronic  serous  arthritis  may  also 
occur  in  the  later  stages  of  syphilis,  and  primary  suppurative  inflam- 
mation of  a  joint  will  be  encountered  in  rare  instances— for  example, 
when  syphilis  is  complicated  with  gon<prrhoca,  etc.  The  congenital 
joint  affections  occurring  in  children,  which  are  usually  elironic,  rarely 
ncnte  or  suliacute,  originate  mainly  in  primary  changes  in  the  epiphyses 
and  epiphyseal  cartilage;   the  bone  is  enlarged,  and  joint  symptoms 
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are  either  aheent  entirely  at  the  outset  or  there  i»  a  Bjnovitis  generally 
serous  in  character.  Id  the  later  stages  the  aboTe-deecribed  joiol 
affections  may  appear  secmuiarily.  There  are,  however,  congeoital 
syphilitic  inflammations  of  joints  which  are  sappurative  at  the  start 

The  therapy  of  the  syphilitic  inflammations  of  joints  consiata,  in  the 
first  place,  in  a  proper  local  treatment  conducted  according  to  the  rub 
which  have  been  given  for  diseases  of  joints,  and,  secondly,  in  a  ges- 
era]  antisyphilitic  treatment,  the  best  being  innnctioDS,  and  the  neiC 
betit  potassium  iodide,  etc.  (see  §  84,  Treatment  of  Syphilis).  The  anti- 
syphilitic  treatment  usually  has  a  very  noticeable  effect,  and  henc«  an 
e:irly  diagnosis  is  of  great  importance. 

YI.  Arthritis  Defarmatii  or  Malum  8enil«.— This  afFection  ia  in  evnj 
respect  the  opposite  of  tubercular  arthritis.  Suppuration  or  caries  wn 
occurs.  The  disease  attacks  indiyidualB  who  are  old  or  paat  the  prime  of  life, 
and  alnioet  always  inyolves  several  joints.  As  a  rule,  it  causes  deformitiM 
in  the  joints,  which  very  gradually  become  more  marked,  while  recoTery- 
i.  e.,  a  complete  restitutio  ad  integrum— never  occurs,  and  arreet  of  the  pi* 
cess  only  rarely. 

The  pathological  changes  which  take  place  in  arthritis  derornisns  aa- 
sist  (1)  in  degenerative  processes  in  the  cartila^  and  bones,  and  (S)  ia  hypo- 
plasia of  the  botiea,  cartilage,  and  soft  parts.  A  flbrillation  occurs  in  tbe 
more  auperfieial  layers  of  the  ground  substance  of  the  hyaline  cartiligc. 
while  a  localised  cracking  and  softening  are  produced  in  the  deeper  layn 
by  the  vascular  medullary  spaces  of  the  underlying  bone  pushing  their  nj 
into  the  cartilage.  At  the  same  time,  ptf- 
ticularly  at  the  free  borders,  a  growth  of 
cartilage  occurs  taJcing  the  form  of  knot 
like  tuberosities,  which  subsequently,  ft 
the  most  part,  ossify  (Figs.  Hi.  446).  In 
consequence  of  the  degenerative  6brilli- 
tion  and  softening  of  the  cartilage  (arthriiis 
chronica  ulcerosa  sicca)  the  latter  maycooi- 
pletely  disappear,  exposing  the  uncorewi 
bone,  which  then,  by  the  friction  produwi 
in  the  movements  of  the  joint,  develo[«» 
smooth,  polished  surface  (Fig.  446,  a). 

The  degenerative  changes  which  l»tt 
place  in  the  bone  consist  in  a  lacunar  ab- 
sorption and  inflammatory  atrophy  <rf  llx 
bone  tissue,  for  the  most  part  subchowlnl 
The  atrophy  of  bone  is  occasionally  verj 
considerable,  and  may  lead  to  the  diap- 
pearance  o(  the  head  or  entire  neck  of  ll" 
femur  (Figs.  444,  445).     Just  as  in  tb*«se 
of  cartilage,  there  will  be  encountered  in  addition  to  the  atrophy  a  ne"  for 
inalion  of  hone  which  is  sometimes  very  marked  (Figs.  445,  446).    lu  son* 
cu»ea  the  ati-ophy  of  the  bone  predominates  (Fig.  444),  in  others  the  neff  It 


lilt  twuur  lielow  the  tii"  o1  the  (tn 
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of  bone  {Fig.  446).    These  defrenerative  and  hTperplastic  changes  iu 

ilage  and  bone  are  very  characteristic  of  arthritis  deformaus.  The 
and  ligaments  of  the  joints  also  become  thickened  and  afterwards 

ed,  and  the  synovial  villi  become  the  seat  of  an  active  process  of 

ition.      Loose  -  joint   bodies 

5)  are  very  frequently  found 

Dint,  but  adhesions  between 

ular  surfaces  of  the  bones  or 

ion  of  the  joint  by  newly- 
connective    tissue   almost 

joints  gradually  become  so 
d  by  these  changes  iu  the 
■  ends  of  the  bones  and  by 
cening  and  shrinking  of  tlie 
which  is  sometimes  the  seat 

formation  of  bone,  that  mo- 
omes  more  or  leas  limited 
ely  lost     If  the  atrophic 

in  the  bones  predominate 
t  may  become  abnormally 
>r  even  loose  and  flail-like, 
tendency  towards  subluxa- 
coniplete  dislocation  (luxa- 
deformity,   m   they    are    p,«.  „5.-Anl,riti.  <leform«„  of  ih.  hiHomf. 

These  dislocations  cannot,  th«  greMly  onlarged  beaJ  of  tha  feniui  Ilea 

9,  be  kept  permanently  re-  '"'^  "*"  '^%  troch«nwr  owm?  to  the  di»- 

-,   ™     vj.    i~*     «u  uv.j   1^  ■ppewance  of  the  neck  (F«h.  laslitute  «t 

wing  to  the  deiorniities  of  Leipiicj. 

of  the  bone  and  the  socket, 

;he  case  of  dislocations  of  the  head  of  the  femur  a  new  acetabulum 
formed  on  the  ilium  (Fig.  447). 

iritis  deformans  b  most  commonly  obeerved  in  the  hip,  knee, 
ind  shoulder,  and  less  often  in  joints  of  the  fingers  and  verte- 
n  the  vertehne  the  atrophy  of  bone  may  cause  the  development 
tl  curvatures,  especially  kyphosis,  while  the  new  formation  of 
ay  give  rise  to  osseous  union  between  the  different  vertebrse. 
8  deformans  is  either  monarticular  or  polyartienlar.  If  monar- 
it  is  usually  located  in  a  large  joint,  while  the  polyarticular 
^re  commonly  occurs  in  the  small  joints,  such  as  thoBe  of  the 
>r  toes,  etc. 

BtiU  know  little  about  the  etiology  of  this  disease,  though  its 
cal  pecnliaritics  are  so  characteristic.  It  mar  begin  epontane- 
r  follow  the  reception  of  some  tmumatism,  such  as  a  fracture 
ivolves  the  joint,  or  come  on  after  some  such  infectious  inflam- 
as  a  gonorrliteal  arthritis,  or  after  acute  polyarticular  rhea- 
Tbe  patient's  occupation  or  position  in  life  plays  no  part  in 
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the  causation  of  arthritis  deformans,  but  his  age  probably  does.  Ilool^ 
upon  this  affection  as  essentially  a  senile  disorder  which,  as  a  mle,  can 
be  traced  to  some  exciting  cauBe,  ench  as  a  traumatism  or  an  infectioD 
— it  is  rarely  spontaneous — and  gives  rise  to  characteristic  atrophy  and 
to  hyperplasia  of  the  cartilage  and  bone,  and  to  thickening  and  mi- 
traction  of  the  capsule. 

The  clinical  course  of  both  the  monarticular  and  polyarticular  foro 
of  arthritis  deformans  is  exceedingly  chronic,  and  it  is  not  au  dqcwu- 
mon  thing  for  the  disease  to  last  twenty  to  thirty  years.  The  initiil 
fiymptoms  are  those  of  a  chronic  arthritis  ninning  a  coarse  without 
fever,  and  consist  in  Btiffness  of  the  joint,  particularly  in  the  nionuig 
hours,  in  slight  paint, 
and  in  the  occurrence 
of  crepitating  or  cretk- 
ing  sounds.  Later  m 
the  deformities  of  the 
articular  ends  of  llie 
bones  or  of  the  entin 
joint  become  promi- 
nent. The  movemenO 
of  which  the  joistd  «i 
capable  become  more 
and  more  restricted,  or 
the  opposite  conditioa 
may  exist,  the  joints  be- 
coming loose  and  ^- 
like.  Occasionally  acnte 
inflammatory  ajinp- 
toms  make  their  ip- 
pearance,  consisting  of 
fever,  increased  tender 
ness  and  intlammstor; 
swelling  of  the  joint, 
and  an  acute  eSn&ion 
of  serum.  The  psiu 
may  be  excessive.  Recovery  is  extremely  rare,  the  disease  ordinirilj 
growing  worse  very  gradually  nntil  it  is  terminated  by  death  bom 
some  intercurrent  affection. 

Di^noMi. — The  very  chronic  course  of  the  disease,  the  absence  of 
suppuration  and  caries,  the  characteristic  deformity  of  the  jomts,  tht 
advanced  age  of  the  patient,  and  the  history  of  some  predispoang 
cause,  are  important  factors  in  the  diagnosis  of  arthritis  defomuuK 


omdfL  ext. 
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Fio. 444. — ArtbritU  deforniuuorthe  right  knee-joinl :  (■.pol- 
ished atiii  sinoolli  articular  BurfHce :  i,Kro"lhaf  bone  aod 
CBrtilagc;  e,  tibrilladoQ  of  the  cartilaKe;  unequal  length 
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Th«  Traatmeiit  of  Arthritii  Deformaai. — The  sooner  arthritis  de- 
rmaos  is  subjected  to  systematic  treatment  b;  massage  and  active 
d  passive  movemeiita  of  the  joint, 
e  greater  is  the  possibihty,  partim- 
ly  in  the  case  of  the  monarticular 
mi,  of  arresting  the  farther  devel- 
meat  of  the  disease  In  addition 
massage  and  methodical  exercise  of 
e  joint,  baths  in  which  the  entire 
dy  is  immersed  in  lukewarm  water, 

sand  batlis,  mud  baths,  or  steam 
tlu,  combined  with  cold  douches — 

short,  hjdrotherapeutic  measures 
are  especially  to  be  recommended 
le  use  of  hot  spnngs,  such  as  Gas- 
in,  Wildbad,  Wiesbaden,  Teplitz, 
igatz,  etc.,  and  a  residence  in  sonth- 
D  climates,  are  also  exceedingly 
frieeable.  Marked  disturbances  of 
□ction,  especially  in  the  upper  ex- 
!mity,  can  be  improved  by  performing  resection.  The  latter  has  been 
peatedly  practised  for  severe  pain,  the  results  in  some  cases  being 
cellent  and  in  others  entirely  negative.  The  operative  treatment  of 
thritis  deformans  (synovectomy  with  or  without  resection  of  the 
dcnlsr  surfaces),  should,  in  my  opinion,  be  tried  more  often  than  it 

considering  the  hopelessness  of  other  methods  of  treatment.  In 
3  very  rarest  cases  amputation  is  indicated  on  account  of  marked 
notional  disturbances.  The  other  complications,  such  as  the  acute 
icerbations,  dislocations,  or  loose  joints,  which  sometimes  occur,  are 
«ted  according  to  the  general  rules  which  apply  to  these  conditions. 
le  internal  administration  of  drugs,  such  as  iodide  of  potassium, 
>iiite,  quinine,  iron,  etc.,  is  of  little  use,  but  a  strengthening  mode  of 
i  with  nourishing  food,  fresh  air,  etc.,  is  very  important. 

The  DiHBMsrf  Tointi  which  occur  in  Bleeders  (Hamophilia;  see  page 
.—Individuals  who  suffer  from  hscraopliilia  are  sometimes  affected  by 
■ioug  kinds  of  joint  diseases,  which  generally  take  on  a  serious  character 
ing  to  the  presence  of  the  constitutional  dyscrasia.  Leaving  out  of  con- 
eration  the  different  forms  of  inflammation  of  joints  which  occasionally 
:iir  in  bleeders  as  well  as  in  other  people,  there  is  left  a  certain  definite 
>up  of  joint  diseases  which  are  clinically  and  pathologically  peculiar  to 
mophilia,  and  which  are  to  be  regarded,  so  to  speak,  as  a  symptom  of  this 
ease.  Konig  has  recently  described  ''bleeder  joints"  very  much  at  length. 
Mean  fully  confirm  his  statements.    These  typical  joint  diseases  which  are' 
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met  with  in  haemophilia  are  characterised  by  the  presence  in  the  joint  of  an 
effusion  of  blood,  which  may  persist  in  an  unaltered  state  for  weeks  and  then 
gradually  grow  smaller,  and,  if  the  conditions  are  favoiirable  and  compres- 
sion is  employed,  may  eventually  entirely  disappear.  But  in  other  instances, 
particularly  if  the  disease  is  not  properly  treated,  the  efiPusion  of  blood  is 
added  to  by  fresh  haemorrhages,  the  joint  becomes  gradually  more  and  more 
damaged,  the  articular  cartilages  undergo  erosion  and  fibrillation,  and  the 
joint  grows  constantly  stifTer,  finally  becoming  obliterated.  If  the  unfavou^ 
able  conditions  continue,  contractures  and  deformities  of  the  joints  develop. 
It  is  a  very  easy  matter  to  mistake  a  bleeder  joint,  particularly  during  the 
early  stages,  for  hydrops  tuberculosus,  and  later  for  fully  developed  tubercu- 
losis (tumor  albus).  Konig  lost  two  patients  from  haemorrhage  because  be 
had  thought  the  articular  disease  was  tubercular  and  consequently  under 
took  extensive  operations.  In  making  the  diagnosis  of  a  bleeder  joint  the 
personal  history  of  the  patient  is  of  the  utmost  importance,  for  the  reason 
that  the  patients  or  their  parents  are  generally  aware  of  their  bleeder  disease. 
It  should  be  noted  that  it  almost  always  occurs  in  young  subjects,  the  lai^ge 
effusion  of  blood  usually  develops  suddenly  from  some  slight  traumatism 
pain  is  generally  absent,  and  several  joints  are  commonly  affected,  some 
being  in  the  early  and  others  in  the  advanced  stages. 

The  treatment  of  recent  cases  consists  in  placing  the  limb  in  an  elevated 
position,  in  immobilisation  and  compression  of  the  joint,  and  subsequently 
in  gentle  massage  and  passive  motion.  In  some  instances  the  joint  should 
be  punctured  for  the  purpose  of  removing  the  effused  blood.  Massage  should 
be  used  cautiously.  Cerebral  haemorrhage  due  to  traumatism  or  pathologi- 
cal processes  are  sometimes  accompanied  by  effusions  of  blood  in  the  htp 
joints,  which  are  probably  caused  by  trophic  changes  in  the  walls  of  the  ves- 
sels, and  appear  after  an  injury,  for  example. 

§  115.  Joint  Bodies  or  Joint  Mice  (Mures  Articidares). — By  joint 
bodies  or  the  so-called  joint  mice  (mures  articulares)  we  mean  bodies 
varying  in  structure  which  are  formed  within  joints  and  are  either  free 
or  attached  by  pedicles.  Joint  bodies  anatomically  consist  of  cartilage 
or  of  bone,  or  of  bone  with  a  cartilaginous  covering,  of  fibrous  connect- 
ive tissue,  of  fatty  tissue,  or  of  masses  of  fibrin. 

We  are  able  to  distinguish  etiologically  three  principal  kinds  of 
joint  bodies :  (1)  Concretions  made  up  of  fibrin,  (2)  joint  bodies  result- 
ing from  the  breaking  off  of  cartilaginous  or  bony  portions  of  the  articu- 
lar ends  of  the  bones  or  intra-articular  ligaments  by  some  traumatism, 
and  (3)  growths  of  connective  tissue,  cartilage,  or  bone  which  originally 
are  pedunculated,  but  later,  as  a  result  of  atrophy  or  sudden  rupture  of 
the  pedicle,  become  free  joint  bodies.  Out  of  one  hundred  and  forty- 
three  cases  collected  by  Schiiller,  eighty-three  were  caused  by  tran- 
niatism  (seventy-eight  of  the  knee-joint),  thirty-nine  by  pathological 
processes,  and  in  nineteen  the  mode  of  production  was  unknown. 

The  fibrin  concretions — i.  e.,  the  fibrin  precipitated  from  the  svdo- 
via  in  cases  of  chronic  hydartliros,  for  example,  with  or  without  tuber- 
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culoais — take  the  form  of  round,  smooth,  or  irregularly  shaped  eoui^re- 
mentH,  uauaUy  about  the  size  of  a  di«1od  seed  or  grain  of  rice,  whk-h 
often  occur  in  great  numbers.  These  concreiuents,  from  their  eimi- 
larity  to  grains  of  rice,  are  also  called  rice  bodies  (corpora  oryzoidea). 
According  to  Kiinig,  LHndon,  and  others,  all  rice  bodies  that  are  found 
in  tubercular  joints,  teudun  sheaths,  and  burste  are  derivatives  of  the 
tibriu  formed  in  tlje  synovial  fluid  and  on  the  surface  of  the  synovial 
Diembrane.  Schuchardt  and  Goidraann  maintain  that  the  rice  bodies 
are  not  "fibrinous"  products  of  coagulation  formed  from  the  thickened 
contents  of  a  joint  or  tendon  sheath,  but  are  portions  of  the  synovial 
membrane  or  tendon  sheath  which  have  undergone  coagulation  necro- 
sis (Weigert)  or  tibrinoid  degeneration  (Neumann).  In  my  opinion, 
both  methods  of  development  of  rice  bodies  occur,  but  the  primary 
degeneration  of  the  synovial  membrane  is  much  the  more  common, 
particularly  in  tuberculosis  of  the  joint.  Kiee  bodies  are  especially 
common  in  tubercular  arthritis,  and,  in  fact,  the  occurrence  of  these 
bodies  in  a  joint  makes  the  existence  of  tubercular  disease  prol«ble. 
Such  cases  sometimes  run  a  very  favourable  course,  {See  also  pages 
579  and  5til,  Formation  of  Rice  Bodies  in  the  Tendon  Sheaths  and 
Burste).  Occasionally  the  concrements  attain  a  considerable  size — that 
of  a  hen's  egg,  for  example,  or  larger.  Small  foreign  bodies,  such  as 
needle  points,  broken-off  s^-novial  villi,  a  blood-clot,  etc.,  have  been 
found  in  the  interior  of  the  concretions,  just  as  in  vesical  calculi. 

In  the  second  category  of  eases  the  free  joint  bodies  are  formed 
from  bony  or  cartilaginous  portions  of  the  articular  ends  of  the  bonee 
or  intra-articular  ligaments  which  are  torn  from  their  attJicliments  by 
some  tranmatism,  such  as  a  blow,  a  fall,  or  some  other  violence.  Occa- 
sionally the  detachment  is  not  complete,  and  then  at  some  later  period 
there  takes  place  a  gradual  or  sudden  separation  of  the  partially  de- 
tached piece  of  bone  or  cartilage.  Kragelund  was  able  only  by  using  a 
great  amount  of  force  to  partially  or  completely  break  off  from  the 
femur— generally  the  internal  condyle — but  not  fnjm  the  tibia,  jwr- 
tions  of  lione  which  presented  a  close  similarity  to  mures  articulares, 
and  Poncet  saw  small  fragments  of  bone  torn  from  the  points  where 
the  ligaments  were  attached.  Gies,  Poncet,  Barth,  and  others  have 
opened  the  joints  of  animals,  chiseled  off  portions  of  the  articular  sur- 
face, and  then  closed  the  wound  in  the  joint,  which  healed  by  primary 
union.  The  l^haviour  of  these  free  jxirtions  of  cartilage  is  as  follows 
(Barth):  "  Free  pieces  consisting  of  bone  and  cartilage  usually  become 
adherent  to  the  capsule  and  articular  surfaces,  and  arc  inclosed  by  vascu- 
lar connective  tissue ;  the  Ixmv  portion  dies,  while  the  cartilage  retains 
its  vitality,  grows,  and  gives  rise  to  a  new  formation  of  Iwne,  using 
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lime  salts  of  the  dead  bone.  In  consequence  of  vigorous  growth  of 
the  cartilage,  free  bodies  with  an  external  layer  of  cartilage  and  a  cen- 
tral bone  nucleus  may  result,  and  their  union  with  the  capsule  of  the 
joint  becomes  severed.  Joint  bodies  that  are  not  united  to  the  capsule 
are  sometimes  absorbed,  but  this  is  a  rare  occurrence  in  man,  becaofie 
the  bodies  of  traumatic  origin  tend  to  calcification. 

Furthermore,  without  the  reception  of  any  traumatism,  larger  or 
small  pieces  may  become  separated  from  the  articular  ends  of  the  bones 
as  a  result  of  some  process  which  is  not  as  yet  understood ;  these  pieces 
are  then  covered  on  their  bony  surfaces  with  dense  connective  tifisue 
which  contains  cartilage  cells,  and  the  loss  of  substance  in  the  bone 
from  which  they  came  is  repaired  in  a  similar  manner.  Konig  has 
given  the  name  of  osteochondritis  dissecans  to  this  genetically  obscore 
and  circumscribed  disease  of  the  articular  ends  of  the  bones. 

The  tliird  way  in  which  joint  bodies  may  originate — i.  e.,  in  the  form 
of  steadily  enlarging  growths  of  tissue  attached  by  a  pedicle  to  some 
part  of  the  articulation,  such  as  the  villi,  the  synovial  membrane,  or 
the  articular  cartilages — is  met  with  especially  in  chronic  joint  diseases, 
such  as  arthritis  deformans  or  chronic  hydarthros,  or  after  fractures 
which  involve  the  joint.  The  growths  are  made  up,  according  to  the 
point  from  which  they  spring,  of  connective  tissue,  cartilage,  or  bone, 
or  bone  with  a  cartilaginous  covering,  and  then  by  gradual  atrophj  or 
by  sudden  rupture  of  the  pedicle  these  growths  become  free  joint 
bodies.  In  this  category  belong  the  free  joint  bodies  formed  by 
growth  of  the  synovial  villi  or  by  fibrillation  of  the  cartilage,  as  well  as 
those  which  result  from  the  detachment  of  tumours  of  cartilage  or  bone 
(enchondroma,  osteoma),  or  of  the  cartilaginous  or  bony  plates  in  the 
synovial  membrane  which  may  develop  in  the  course  of  hydarthros  and 
arthritis  deformans.  As  a  result  of  the  fibrillation  of  the  articular 
cartilage  occurring  in  a  chronic  arthritis,  there  is  often  a  very  excessive 
formation  of  cartilaginous  villi  in  which  a  vigorous  circumscribed 
growth  of  cartilage  cells  sometimes  takes  place.  If  these  formations 
become  loose,  hyaline  rice  bodies  analogous  to  the  above-mentioned 
fibrinous  rice  bodies  develop,  having  exactly  the  same  form  as  the  latter, 
and  likewise  existing  in  very  great  numbers.  The  condition  in  which 
there  is  an  excessive  growth  of  fat  in  the  villi  is  called  lipoma  arbmi- 
cen-s,  and  may  give  rise  to  the  formation  of  free  joint  bodies  which  are 
soft  and  made  up  of  fat.  The  cartilaginous  and  bony  joint  bodies 
vary  greatly  in  size,  some  being  not  larger  than  a  bean  or  almond, 
while  others  are  as  large  as  the  patella.  Billroth  states  that  a  joint 
body  has  been  preserved  in  the  museum  at  Vienna  as  large  astheos 
calcis,  which  was  found  attached  by  a  pedicle  to  the  capsule  of  the 
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joint.  An  important  question  is  whether  a  perfeotij  free  joint  ijodj 
can  continue  to  grow.  VircLow  and  others  consider  this  possible 
through  the  taking  up  of  fluid  from  the  syuovia  and  by  proliferation 
of  cartilage  and  marrow  cella  in  the  case  of  cartilaginous  and  bony 
joint  bodies.  In  some  eases,  however,  retrograde  changes  may  pre- 
dominate, and  small  bodies  can  lie  absorbed  completely. 

8ymptomatol(^7  and  Diagnosis  of  Free  Joint  Bodiea— As  we  stated 
before,  joint  bodies  are  found  in  joints  which  are  either  otherwise  per- 
fectly healthy  or  are  the  seat  of  chronic  inflammation,  particularly 
chronic  hydarthros,  arthritis  deformans,  and  joint  fractures  that  have 
not  healed  by  bony  union.  Out  of  forty-flve  cases  of  loose  IxHiies 
collected  by  Barth,  severe  symptouia  of  joint  disease  were  present  in 
thirty-nine.  The  disturlmuces  either  begin  immediately  after  an  injury 
or  they  develop  very  gradually  in  the  course  of  years.  The  knee-joint 
is  the  most  common  location  in  which  they  are  encountered,  wbde  of 
the  other  joints  the  elbow  comes  next.  The  symptoms  caused  by  free 
joint  bodies  are,  first  of  all,  a  sudden,  severe,  darting  pain,  experienced 
during  some  particular  movement  of  the  joint,  often  causing  the  patient 
to  appear  as  though  paralysed  and  to  fall  to  the  ground  in  a  faint. 
These  pains,  which  reappear  with  more  or  less  frequency,  are  par- 
ticularly likely  to  occur  when  a  mo<lerate-aized,  freely  movable  joint 
body  becomes  caught  in  a  synovial  {Kiuch  or  between  the  articular  ends 
of  the  bones.  The  attacks  of  pain  are  usually  followed  by  inflam- 
matory manifestations  in  the  joint  of  greater  or  less  severity,  which 
take  the  form  of  an  acute  serous  aynoTitia. 

Diagnosis. — These  characteristic,  jiaroxysma!  pains  are  of  the  great- 
est importance  for  making  the  diagnosis  of  free  joint  iHHlies.  In  some 
instances  the  latter  can  l>e  felt.  Nevertheless,  one  can  be  deceived 
even  in  this,  and  I  once  mistook  a  commencing  circumecril>ed  tubercu- 
losis of  the  capsule  of  the  knee-joint  for  a  free  joint  hoily.  After 
opening  the  joint  and  extirpating  the  diseased  portion  of  the  capsule, 
recovery  took  place,  with  perfect  motion  in  the  joint.  The  most  diiii- 
cult  cases  to  recognise  are  those  in  which  the  joint  bodies  exist  in  an 
articulation  which  bus  undergone  changes  due  to  arthritis  deformans. 

Treatment — The  liest  treatment  for  free  joint  iKxlies  consists  in 
their  ojierative  removal  by  aseptic  arthrotoTuy.  The  body  having  Ijeen 
located  by  palpation,  an  incision  is  made  directly  down  upon  it,  wbere- 
npon  it  is  pressed  through  the  opening  thus  made  and  the  borders  of 
the  wound  are  immediately  closed  by  sutures.  The  joint  is  then  iro- 
Tnobiiised  as  completely  as  possible  witli  an  antiseptic  protective  dress- 
ing, over  which  splints  are  placed.  If  the  jwtient  is  afntid  of  tlie 
kiiife,  or  if  the  condition  docs  not  cause  bim  much  trouble,  we  recom- 
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mend  the  wearing  of  an  elastic  cap  around  the  joint,  to  afford  the  latt^ 
a  certain  amount  of  support  and  prevent  too  free  motion.    In  tlio^ 
cases  where  the  symptoms  indicate  beyond  a  doubt  the  presence  of  a 
joint  body,  but  where,  as  in  the  elbow,  it  cannot  be  reached  by  an 
incision  made  directly  down  upon  it,  in  case  the  patient's  discomforts 
great  enough,  the  joint  should  be  laid  freely  open  with  the  etrictefit 
aseptic  precautions,  and,  if  necessary,  a  partial  (temporary)  resection 
undertaken  to  render  it  possible  to  remove  the  joint  body. 

EzostosiB  Btuiata  with  Joint  Bodiea — Bergmann  operated  upon  an  exos- 
tosis on  the  outer  aspect  of  the  lower  end  of  the  femur,  just  above  the  knee, 
which  was  surrounded  by  a  capsule  containing  upwards  of  five  hundred  rice 
bodies  made  up  of  hyaline  cartilage.  The  exostosis  probably  originated 
intra-articularly  as  an  ecchondrosis  of  the  articular  cartilage,  and  derived  a 
true  synovial  sac  by  pushing  before  it  the  capsule  of  the  joint,  the  diyerti^ 
ulum  thus  formed  becoming  afterwards  completely  shut  off  from  the  joint 
In  other  instances  the  exostosis  has  been  found  still  in  the  joint,  as  in  two 
cases  of  mine,  where  it  was  attached  to  the  portion  of  the  semilunar  cartilage 
which  adjoins  the  capsule.  In  these  cases  there  were  in  addition  two  bodies 
lying  free  in  the  joint  (see  Exostoses,  §  128). 

§  116.  HeuroseB  of  Joints  (Neuralgias  of  Joints;  Vervous^  Hyiterical 
Diseases  of  Joints). — The  nervous  or  hysterical  affections  of  joints,  the 
neuroses  or  neuralgias  of  joints,  were  first  described  by  the  celebrated 
English  surgeon  Brodie,  and  his  statements  have  been  confirmed  by 
such  German  surgeons  as  Stromeyer,  Esmarch,  and  Erb ;  while  quite 
recently  Newton  M.  Shaffer  has  written  an  exhaustive  treatise  on  the 
subject.  No  pathological  changes  can  be  made  out  in  joints  which  are 
the  seat  of  neuralgia.  The  knee  and  hip  are  the  ones  most  commonlj 
affected,  and  usually  one  joint  at  a  time,  rarely  two  or  more.  Females 
with  an  over- excitable  nervous  system,  or  who  are  markedly  hysterical, 
especially  young  girls  of  the  better  classes  of  society,  are  particularly 
apt  to  suffer  from  these  troubles,  and  hence  the  term  hysieriml joint 
But  the  affection  is  occasionally  met  with  even  in  perfectly  healthy 
men  and  women.  Among  the  exciting  causes  may  be  mentioned  trao- 
matisras,  such  as  bruises  and  sprains  of  the  joints,  irritation  of  or  , 
pressure  upon  the  nerves  in  the  neighbourhood,  excessive  emotional 
disturbances,  and  taking  cold.  Joint  neuralgias  also  occur  reflexly 
from  diseases  of  the  abdominal  viscera,  especially  the  female  sexual 
organs,  and  from  diseases  of  the  central  nervous  system,  such  as  tabes. 

Symptoms  and  Course  of  Joint  Neuroses. — The  chief  symptom  of  a 
joint  neuralgia  or  neurosis  is  the  pronounced  pain  and  tenderness  in 
the  joint,  while  objectively  nothing  abnormal  can  be  made  out  The 
pain  is  felt  especially  when  pressure  is  made  at  some  particular  point, 
or  when  the  joint  is  moved.     In  addition  to  these  tender  points,  there 
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b  generally  a  pronoanced  diffuse  lijperffiBthesia  of  the  skin  over  the 
joint;  but  in  rare  instances  there  may  be  auaestliesia.  Moreover,  the 
function  of  the  joint  in  question  is  disturbed — i,  e,,  the  patient  avoids 
moving  the  joint  because  of  the  pain,  and  keeps  it  rigid.  There  are 
also  observed  a  state  of  muscular  Bpasni,  with  secondary  distortions 
of  the, joints  (contractures);  vasomotor  di6turl>ances  (urticaria-hke 
wheals,  alternate  fliishing  and  blanching,  etc.);  tremor;  a  marked 
feeling  of  weakness ;  atrophy  of  the  extremity  which  is  involved,  and 
now  and  then  paralyses.  The  stiffness  and  contractures  of  the  joints, 
which  may  take  the  form  of  nervous  club-foot  or  stiffness  of  the  liip, 
will  immediately  disappear  under  chloroform  anKsthceia,  and  while 
the  patient  is  in  this  state  the  joint  will  be  freely  movable.  The  verte- 
bral column,  especially  the  spinous  processes,  are  also  sometimes  tender 
on  pressure.  The  course  of  the  nervous  joint  affections  is  usually 
rather  tedious  and  very  variable.  If  the  nervous  eysteni  is  otherwise 
normal,  recovery  generally  takes  place  after  the  lapse  of  a  longer  or 
shorter  time,  though  it  may  occur  suddenly  after  some  emotional 
excitement  or  after  some  energetic  movements  have  been  made  with 
the  joint.  In  cases  of  pronounced  hysteria,  or  diseases  of  the  nervous 
system,  the  patients  are  occasionally  doomed  to  be  confined  to  bed  for 
years,  and  in  such  instances  the  affection  is  often  incurable. 

In  making  the  diagnosis  of  a  hysterical  joint,  we  should  note  particu- 
larly that  certain  symptoms  which  indicate  inflammation  of  the  joint  are 
absent,  and  that  the  contractures,  the  stiffness,  etc.,  disappear  completely 
under  chloroform  ansesthesia.  The  above-nientioned  manifestations  of  the 
disease  are  so  characteristic  that  they  are  generally  sufficient  to  establish  the 
diagnosis.  Old  sprains  with  slight  intraarticular  adhesions  have  sometimes 
been  mistaken  for  joint  neuralgias  ;  but  cases  of  this  kind  can  be  cured  in  a 
very  short  time  by  massage  combined  with  forced  movements  of  the  joint 

The  prognosis  is  favourable  in  the  case  of  individuals  who  are  otherwise 
healthy ;  but  if  they  are  excessively  neurotic  and  hysterical,  it  is  uncertain, 
and  is  the  more  unfavourable  the  more  serious  the  nervous  coui plications. 

Treatment. — The  treatment  of  nervous  joint  affections  is  directed 
first  of  all  towards  the  canse.  If  there  is  pronounced  neurasthenia, 
hysteria,  or  other  nervous  anomalies,  or  disease  of  certain  organs  (of 
the  eexnal  organs,  constipation,  etc.),  these  conditions  must  receive 
careful  attention.  In  every  case  a  general  tonic  treatment  for  the 
nervous  system  by  cold-water  cures,  sea-bathing,  a  sojourn  in  the 
mountains,  eind  removal  of  the  patient  from  his  business  and  family, 
are  very  much  to  be  recommended.  Treatment  of  a  psychical  nature  is 
also  very  valuable ;  while  unexpected  joy  or  sorrow  has  often  caused 
hysterical  joint  neuroses  to  disappear  suddenly  and  permanently.  The 
local  treatment  of  the  diseased  joint  comprises  massage  and  method- 
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ical  exercise,  rubbing  with  cold  water,  and  electricity  (the  strong 
faradic  or  galvanic  current  passed  transversely  through  the  joint). 
Morphine  or  atropine  is  occasionally  given  in  the  form  of  hypodermic 
injections  if  the  patient  is  otherwise  healthy  and  robust.  Quinine  and 
arsenic,  given  internally,  are  also  of  use.  For  the  contractures  and 
the  weakness  of  the  muscles  and  joints  we  employ  suitable  braces  or 
splints  which  will  enable  the  patient  to  move  his  limbs. 

Other  Joint  and  Bone  Heuralgiae. — The  neuralgias  sometimes  occurrmg 
in  joints  and  bones  which  have  previously  been  the  seat  of  a  disease  like 
tubercular  arthritis,  or  which  make  their  appearance  in  the  course  of  syphi- 
lis, or  after  recovery  from  caries  and  necrosis,  or  in  general  occur  in  old  bone 
cicatrices,  are  of  a  totally  different  nature.  Pain  of  this  description  is  very 
apt  to  occur  in  syphilis,  or  in  ossifying  osteomyelitis  and  periostitis,  or  in 
sclerosis  of  bone.  The  treatment  of  these  joint  and  bone  neuralgias  depends 
upon  the  cause.  Warm  baths  and  the  bathing  cures  given  at  Teplitz,  Wies- 
baden, and  Gastein  are  generally  very  useful.  The  pain  occurring  in  bones 
and  joints  which  have  been  at  one  time  diseased  may  sometimes  become  so 
severe  that  amputation  or  disarticulation  is  performed  at  the  patient^s  own 
request  Close  examination  of  the  bone  in  such  cases  reveals  nothing  which 
can  account  for  the  great  suffering,  but  we  do  find  that  individuals  thus 
affected  are  usually  neurotic  (Poncet,  Auday). 

Quite  often,  however,  these  neuralgias  are  due  to  circumscribed,  inflam- 
matory foci  concealed  in  the  bone  or  joint,  and  if  this  is  the  case  the  disease 
should  receive  its  appropriate  treatment  Abnormal  adhesions  in  a  joint, 
such  as  may  occur,  for  example,  in  old  dislocations  which  have  been  improp- 
erly treated,  may  give  rise  to  violent  pains,  which  can  be  quickly  stopped  by 
massage  and  exercise.  In  general,  neuralgias  of  joints  and  bones  follow- 
ing a  pre-existing  disease  are  most  commonly  the  result  of  syphilis  or  some 
nervous  disease ;  and  these  must  be  the  first  things  to  be  considered  in  the 
treatment. 

Sometimes  violent  pain  also  occurs  in  bones  which  are  otherwise  appa^ 
ently  healthy  and  have  not  previously  been  diseased,  coming  on  especially 
after  taking  cold,  and  in  neurotic  individuals.  Warm  baths  and  the  use  of 
the  above-mentioned  hot  springs,  as  well  as  an  antineurotic  treatment,  should 
be  employed. 

§  117.  Neuropathic  Diseases  of  Bones  and  Joints^ — Peculiar  neuro- 
pathic affections  of  the  bones  and  joints,  of  great  clinical  interest,  oc- 
cur in  the  course  of  diseases  of  the  nerves  and  spinal  cord,  especiallj 
tabes.  Charcot  was  the  first  to  describe  accurately  the  arthropatbitf 
which  make  their  appearance  during  the  course  of  the  grey  degenen- 
tiou  of  the  posterior  columns  of  the  cord ;  and  while  Charcot,  Erb, 
Buzzard,  and  other  neurologists  ascribe  the  arthropathia  tabidonim  to 
direct  nervous  influences — in  other  words,  to  trophoneurotic  disturb- 
ances— Yolkmann,  Leyden,  and  Yirchow  maintain  that  the  tal»es 
merely  brings  about  unfavourable  conditions,  in  consequence  of  which 
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certain  diseases  of  tlie  joints  occur  more  easily  and  frequently  than 
they  do  in  a  state  of  health,  and  run  an  unusual  and  maiiguant  course. 
The  main  pre^lisposing  causea  iu  talies  of  inflammations  aud  injuries 
of  the  hones  are  the  loss  of  sensibility — i.  e.,  the  ameethesia  or  anal- 
gesia of  the  joints,  the  ataxia,  and  the  fragility  of  the  bones.  These 
factors  also  inHueuce  very  materially  any  deforming  or  traumatic, 
acute  or  chronic  iuflamiuation  occnrring  in  a  person  suffering  from 
tabes  dorsalis.  The  softness  and  brittleness  of  the  bones  in  tabes  are 
well  known,  and  account  for  the  frequency  with  which  spontaneous 
fractures  take  place  in  patients  with  this  disease.  The  fragility  of  the 
bones  is  due  to  a  trojiboneurotic  change  in  their  organic  ground  sub- 
stance, and  may  be  encountered  even  in  bones  which  are  apparently 
very  strong  and  compact.  The  bones  may  also  become  remarkably 
brittle  iu  people  with  various  mental  diseases,  or  with  infantile  spinal 
psralysig,  progressive  muscular  atrophy,  leprosy,  etc.,  and  Kenmann 
has  ascribed  the  changes  that  occur  to  an  affection  of  the  vasomotor 
system,  Czemy,  Rotter,  aud  others  have  lately  made  exhaustive 
studies  of  arthropathia  tabidorum  and  neuropathic  bone  and  joint 
affections  in  general.  The  question  of  tlie  relationship  between  these 
affections  and  the  sclerosis  of  the  posterior  columns  of  tlie  cord  and 
other  diseases  of  the  spinal  cord  and  peripheral  nerves  has  recently 
been  the  subject  of  animated  discuBsion,  but  as  yet  it  has  not  been 
positively  decided  whether  spinal  diseases,  such  as  tabes,  syringomyelia, 
etc.,  should  lie  regarded  as  direct  causes  of  tliese  troubles,  which  Char- 
cot believes  tbem  to  be,  or  only  as  predisposing.  Charcot  has  lately 
ailopted  the  view  that  they  are  due  to  certain  localised  processes  of 
disease  in  the  diaphyscs  and  epiphyses. 

Catue  of  Arthropathia  Tabidorum. — As  before  stated,  the  anteethesia 
or  analgesia  of  the  joints  plays  ii  most  important  part  in  the  produc- 
tion and  course  of  arthropathia  tabidorum.  The  neuropathic  affections 
of  the  joints  which  occur  in  tabes  begin  either  without  any  external 
cause,  or  they  follow  the  reception  of  some  traumatism ;  and  as  the 
patients  feel  no  pain,  they  walk  al)out  while  their  joints  are  intlamed 
and  thus  make  matters  worse ;  they  wear  off  the  brittle  articular  ends 
of  the  bones,  as  it  were,  so  that  the  entire  astragalus,  for  example,  may 
by  degrees  completely  disap^iear.  A  tabetic  individual  with  a  fracture 
of  the  leg,  who  came  under  my  care,  conld  produce  a  very  marked 
displacement  of  the  fragments  without  suffering  any  pain.  The  anal- 
gesia cannot  always  be  easily  recognised,  it  being  occasionally  limited 
to  the  more  deeply  situated  nerves  alone,  while  the  skin  is  even  over- 
sensitive to  the  slightest  irritation.  The  chronic  arthropathies  which 
occur  in  tabes  and  do  not  go  on  t«  suppuration,  run,  as  a  rule,  a  course 
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similar  to  arthritis  deformans  (see  page  710),  but  differ  from  the  latter 
in   the  fact  that  the  different  parts  of   the  joints  are  very  rapidly 
destroyed,  and  dislocations  and  spontaneous  fractures  are  of  frequent 
occurrence.    One  can  distinguish,  as  in  arthritis  deformans,  an  atrophic    ^ 
and  a  hypertrophic  form  of  arthropathies  as  well  as  a  monarticular    j 
and  a  polyarticular  form.     If  the  specific  excitants  of  inflammation- 
micro-organisms — gain  entrance  to  a  joint  of  this  kind  which  is  the 
seat  of  a  chronic  inflammation,  septic  or  even  gangrenous  inflamma- 
tion running  a  very  rapid  course  ofter  develops.      Hence  it  can  be 
seen  that  in  the  course  of  tabes  various  forms  of   arthritis  may  be 
encountered,  some  acute  and  others  chronic,  and  either  suppurative  or 
non-suppurative ;  but  the  characteristic  feature  of  the  inflbammationia 
that  it  is  always  greatly  modified  and  influenced  by  the  analgesia  and 
ataxia  which  are  present,  and  by  the  weakness  and  fragility  of  the 
bones.     The  knee  is  the  joint  most  commonly  affected,  although  the 
articulations  of  the  upper  extremity  do  not  always  escape.     Hotter  hag 
collected  112  cases  of  joint  disease  occurring  in  74  patients  with  tabes; 
of  these,  49  were  of  the  knee,  24  of  the  hip,  12  of  the  shoulder,  12  of 
the  tarsal  joints,  6  of  the  ell>ow,  4  of  the  ankle,  3  of  the  hand  and 
fingers,  and  2  of  the  temporo-maxillary  joint.     Both  knee-joints  were 
diseased    in  1 1  cases,  both  hips  in  7,  the  tarsal  joints  in  3,  and  the 
shoulder,  wrist,  and  finger  joints  were  symmetrically  affected  twice. 
In  Weizsacker's  statistics  of  109  cases,  72  occurred  in  men  and  31 
in  women.      The   knee-joint  was  affected  78  times,   the  hip  31,  the 
shoulder  21,  the  tarsus  13,  the  elbow  10,  the  ankle  9,  the  carpal  and 
temporo-maxillary  joints  twice,  and  the  vertebral  column  once.    The 
observations  of  Leyden,  Oppenheim,  and  others  show  that  affections  of 
the  joints  and  weakness  and  fragility  of  the  bones  may  occur  in  both 
the  earliest  and  the  most  advanced  stages  of  tabes  dorsalis. 

The  j)rog?iosis  of  the  tabetic  arthropathies  is  very  uncertain,  and 
depends  largely  upon  whether  the  joints  are  used  or  protected  and  prop- 
erly treated,  whether  ataxia  exists,  etc.  If  proper  treatment  is  received 
(fixation,  orthopaedic  appliances,  etc.),  it  is  possible  for  the  arthropathy 
to  be  improved  or  arrested. 

Similar  neuropathic  affections  of  the  bones  and  joints  are  also  noted 
in  the  course  of  other  cerebral  and  spinal  diseases — e.  g.,  acute  and 
chronic  myelitis — and  are  due  to  analogous  disturbances  of  innerva- 
tion. The  arthropathies  occurring  in  syringomyelia  are  particularly 
interesting.     Xeuropathic  contractures  are  discussed  on  page  720. 

The  Arthropathies  of  Syringomyelia.— The  arthropathies  coming  on  in 
the  course  of  syriugomyelia  mainly  attack  joints  of  the  upper  extremity,  ((^ 
the  reason  that  the  primary  disease  is  for  the  most  part  localised  in  thece^ 
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vical  portion  of  the  spinal  cord,  and  they  occur  in  the  great  majoritj-  of  iu 
stances  in  men  of  advanced  age.  Traumatisms  play  a  predisposing  part  in 
their  pro<lucti<in.  The  course  of  the  arthropathies  is  always  chronic,  not 
infrequently  lasting  for  years.  There  will  occasionally  be  observed  au  acute 
exudation  in  the  joint,  or  even  suppuration,  especially  if  there  has  been  some 
injury  wliich  on  account  of  the  analgesia  has  been  neglected  :  but  there  sel- 
dom occurs  such  a  marked  destruction  of  the  joint  in  a  cnm|)aratively  short 
time  as  in  tabes.  The  changes  in  the  joints  are  more  like  those  of  arthritis 
deformans,  with  the  formation  of  iutm-articular  and  periarticular  osteo- 
phytes, with  ossification  of  the  periarticular  soft  partii,  degeneration  of  the 
muscles,  and  thickening,  dilatation,  and  relaxation  of  the  capsule,  with  sec- 
ondary spontaneous  dislocations.  The  joints  are  analgesic,  and  sometimes 
to  such  a  pronounced  degree  that  targe  joints  can  be  resected  without  cliloro- 
form  (Ciierny.  Sokolotf).  This  aualgesia  is,  moreover,  the  chief  factor  in 
furthering  the  development  of  the  disturbances  of  nutrition  which  are  pres- 
ent in  the  joints  and  bones.  The  bones  are  in  some  instances  abnormally 
weak  (hence  the  spontaneous  fractures)  and  in  others  remarkably  sclerotic. 
The  termination  of  the  artliropathies  which  occur  in  syringomj-elia  is  gov- 
erned mainly  by  the  primary  disease  in  the  spinal  cord,  and  also  by  the 
amount  of  care  the  patient  takes  to  protect  his  joints  from  injuries  that  may 
readily  give  rise  to  complicating  periarticular  and  intra-articular  suppura- 
tion. Under  favourable  conditions  the  joint  affections  are  usually  very  pro- 
tracted. The  diagnosis  can  he  readily  made  if  the  pathological  changes  and 
the  clinical  course  are  taken  into  consideration  together  with  the  analgesia 
and  the  location  of  the  arthropathies  in  the  upper  extremity.  The  treatment, 
particularly  in  the  early  stages,  consists  in  immobilbing  the  joint,  though 
later  on  suitable  operative  measures  may  he  necessary,  as  they  are  in  tabes. 


In  making  the  diagnosk  of  neuropathic  bone  and  joint  affections, 
the  characteristic  features  in  chronic  caees  are  the  e.xistinfr  nervous  dis- 
orders, which  in  the  case  of  arthropathies  of  the  lower  extreinity  is 
most  rommonW  tabes,  and  of  the  npper  extremity  eyringoniyeiia,  the 
anaigesift,  the  pronounced  exudation,  and  tlie  marked  destruction  of  the 
articular  surfaces  of  the  hones ;  the  acnte  casee  become  rapidly  woree. 
Czemy  is  right  in  calling  attention  to  the  fact  that  the  predisposition 
to  nervous  disorders  is  an  imjjortjmt  matter  from  a  medico-legal  stand- 
point— in  otlier  words,  should  be  taken  into  acconnt  iu  a  plaintitf  who 
brings  suit  for  damages. 

The  tiv'ifiiir-itt  of  the  neuropathic  intlamniations  of  joints,  jwiPticn- 
larly  the  arthroimthies  which  occur  in  tahes  and  syringomyelia,  com- 
prises proper  local  treatment  of  the  affected  joint  and  general  treat- 
ment of  the  neuropathy  which  is  the  primary  cause  of  the  trouble. 
We  consider,  as  Czerny  does,  that  firm  anchylosis  in  a  good  position  is 
preferable  to  a  loose  joint  which  is  rapidly  ground  down  by  friction,  and 
in  the  early  stages  it  would  bo  proper  to  bring  atiout  artificial  anchylosis 
by  performing  arthrodesis  (see  page  139).     If  patients  with  the  above- 
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mentioned  diseases  of  the  spinal  cord  receive  a  sprain,  the  joint  must  be 
treated  by  immobilisation  and  subsequently  by  a  supporting  apparatus. 
Should  extensive  destruction  or  suppuration  of  the  joint  occur,  the 
question  of  arthrotomy,  resection,  or  amputation  would  arise. 

§  118.  Anchylosiiw — By  anchylosis  (from  ary/cvXiy:,  angular,  crooked) 
is  understood  an  immovable,  stiff  joint,  such  as  results  from  an  inflam- 
mation of  a  joint  which  has  run  its  course.  The  word  anchylosis  sig- 
nifies properly  an  angular  position  of  the  joint ;  but  this  conceptioD  of 
the  term  has  in  course  of  time  been  entirely  given  up,  so  that  when  we 
speak  of  anchylosis  of  a  joint  we  mean  that  its  power  of  motion  has 
been  lost,  irrespective  of  whether  the  joint  has  become  fixed  at  an  angle 
or  in  a  straight,  extended  position.  If  a  joint  is  in  an  angular  position 
we  speak  of  it  as  a  contracture  (see  §  119).  Anchylosis — in  other 
words,  stiffness  of  the  joint— and  contracture  very  frequently  occur  in 
combination.  If  we  wish  to  differentiate  these  two  terms  more  exactly, 
we  may  say  that  anchylosis  signifies  a  complete  cessation  of  the  motil- 
ity of  a  joint  brought  about  by  intra-articular  causes,  while  contraiiure 
is  a  limitation  of  motion  generally  due  to  pathological  changes  in  the 
extra-articular  soft  parts  (see  all  §  97  and  §  98,  Diseases  of  the  Nenes 
and  Muscles).  We  also  recognise  a  false  and  a  true  anchylosis  (anchy- 
losis spuria  and  anchylosis  vera).  The  term  false  anchylosis  applies  to 
those  cases  in  which  apparently  immovable  joints  can  be  caused  to 
move  under  chloroform  aneesthesia,  and  is  a  condition  which  is  observed 
in  the  course  of  acute  or  chronic  inflammations  of  joints  as  a  resolt 
of  inflammatory  or  voluntary  muscular  contraction,  or  in  hysterical 
joint  disorders,  etc. 

The  Causes  of  True  Anoh7losi8,^-True  anchylosis  is  most  commonlT 
due  to  the  development  of  a  firm  union  between  the  different  part^  of 
the  joint,  and  according  to  the  nature  of  the  tissue  forming  the  union 
between  these  parts  we  recognise  a  connective  tissue  (anchylosis  fibrosa), 
a  cartilaginous  (anchylosis  cartilaginea),  and  a  bony  anchylosis  (anchy- 
losis ossea).  The  cicatricial  connective  tissue  which  develops  between 
the  opposed  articular  surfaces  in  the  healing,  for  example,  of  an  arthri- 
tis with  fungous  granulations,  either  takes  the  form  of  adhesions  which 
resemble  ligaments,  or  they  more  or  less  completely  fill  the  joint.  H 
ossification  of  the  connective  tissue  takes  place  it  is  possible  for  a  bonv 
anchylosis  to  occur,  in  which  case  the  articular  ends  of  the  bone-^a'* 
joined  together  by  an  osseous  bridge,  or  united  by  bone  throughont 
their  entire  extent.  Bony  anchylosis  may  develop  from  the  cartilagi- 
nous form,  or  it  may  arise  from  the  direct  coalescence  of  joint  flW* 
faces  which  have  lost  their  covering  of  cartilage.  Cartilaginous anch/* 
losis  is  brought  about  by  a  growth  of  vascular  connective  tissue  between 
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the  opposed  surfaces  of  the  articular  cartilages,  anri  if,  tlien,  this 
connective  tiestie  disappears,  the  surfaces  of  the  cartilage  are  fouod  to 
have  coalesced  iuto  a  sinj^le  cartilaj^nouB  mass.  Otlier  causes  of  eli0- 
ness  in  joints  are  cicatricial  shrinkage  of  the  capsule  and  ligaments  of 
the  joint,  ami  adhesions  between  two  opposed  portions  of  the  svnovial 
membrane,  so  that  the  latter  can  no  longer  adapt  itself  to  the  move- 
ments of  the  different  portions  of  the  joint  Anchylosis  may  also  be 
caused  by  proliferation  of  bone  or  cartilage  in  a  joint,  as  in  arthntis 
deformans,  or  by  the  development  of  hone  in  the  capsule  or  parts  sur- 
rounding the  joint,  which  Bonietiraee  occurs  after  fractures  iu  the 
neighbourhood  of  or  extending  into  a  joint.  Furthermore,  the  articu- 
lar ends  of  bones  may  be  so  altered  by  changes  such  as  occnr  in  caries 
and  arthritis  deformans  that  they  do  not  fit  together,  and  so  are  not 
capable  of  performing  their  function  of  gliding  over  each  other  (anchy- 
losis of  deformity).  We  learned  in  a  previous  chapter  that  joints  may 
become  fixed  in  a  faulty  position  by  muscular  contractures,  or  by 
cicatricial  processes  in  the  muscles,  tendons,  tendon  sheatlia,  bones,  etc. 

It  is  generally  an  easy  matter  to  make  the  diagnosis  of  anchylosis, 
but  in  doubtful  cases  chloroform  an83sthe8ia  may  be  required  to  deter- 
mine whether  the  anchylosis  is  false  or  true;  it  is  also  the  best  way  of 
finding  out  how  much  motion,  if  any,  exists. 

Treatment  of  Anchyloni, — The  treatment  of  a  stifE  joint  includes 
both  an  attempt  at  restoration  of  its  motion  and  at  overcoming  the 
abnormal  position  in  which  the  joint  may  have  become  anchylosed  ;  in 
other  words,  one  should  strive  to  place  the  joint  in  such  a  position  that 
the  limb  may  be  more  or  less  useful  to  the  patient.  Only  in  rare 
instances  is  it  possible  to  restore  motion  in  a  joint  which  has  become 
fixed  by  true  anchylosis,  and  then  it  is  generally  accomplished  by 
resection.  But  we  can  very  often  prevent  an  anchylosis  from  taking 
place  by  employing  proper  treatment  for  the  diseases  and  injuries  of 
the  joints  and  the  parts  which  surround  them,  particularly  by  causing 
wounds  to  heal  aseptically,  and  after  the  subsidence  of  inflammation, 
by  using  massage  and  active  and  passive  motion.  If  in  the  conrse 
of  an  injury  or  inflammation  of  a  joint  we  are  unable  to  prevent 
an  anchylosis  from  developing,  we  nmst  always  place  the  joint  in 
that  position  which  will  render  it  most  useful  for  the  patient — the 
knee,  for  example,  in  extension,  the  ankle  and  elbow  at  a  right  angle, 
etc.  If  the  joint  has  already  become  fixed  in  a  distorted  position,  it 
may  Iw  possible  to  gradually  overcome  the  latter  by  massage  and  passive 
motion,  by  manual  correction  under  anm^thesia,  by  iwrnianent  exten- 
sion by  a  weight,  by  the  use  of  fre<iuently  applied  pi nster-of- Paris 
dressings  or  splints  which  exert  pressure  or  traction,  or  by  operative 
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division  of  the  contracted  periarticular  soft  parts,  especially  the  mus- 
cles, tendons,  and  fascia  (see  Tenotomy,  Myotomy,  page  580),  by  oste- 
otomy of  the  bone  in  the  neighbourhood  of  the  joint,  or  by  resection 
of  the  joint,  combined  possibly  with  the  removal  of  a  wedge  of  bone. 
Osteotomy  is  performed  either  in  the  form  of  simple  division  of  the 
bone  (see  §  26),  or  division  combined  with  the  removal  of  a  wedge- 
shaped  piece  from  the  continuity  of  the  bone.  Volkmann's  method  of 
performing  linear  or  wedge-shaped  osteotomy  below  the  trochanter  of 
a  hip  which  has  become  anchylosed  has  yielded  excellent  results, 
improving  both  the  position  and  the  usefulness  of  this  joint.  In  some 
cases  the  joint  is  opened  (arthrotomy),  and  all  the  intra-articular  and  peri- 
articular adhesions  and  bands  which  prevent  the  movements  of  the  joint 
are  divided  (arthrolysis — Wolff),  without  resection  of  the  articular  ends. 
Resection  of  the  joint  (§  40),  and  in  desperate  cases  amputation  or  disar- 
ticulation (§  36  and  §  37),  are  also  operations  which  may  have  to  be 
resorted  to.  When  there  is  a  firm  anchylosis  due  to  fibrous,  cartilagi- 
nous, or  bony  union  between  the  articular  ends  of  the  bones,  combined 
with  a  contracted  position  of  the  joint,  arthrolysis  or  resection  are  gen- 
erally called  for,  the  object  being  the  formation  of  a  movable  joint,  or 
one  fixed  in  a  position  which  will  render  use  of  the  limb  possible.  In 
order  to  prevent  a  recurrence  of  the  anchylosis  a  celluloid  plate  or 
an  absorbable  membrane  of  animal  tissue  (hog's  bladder)  may  be 
inserted  between  the  joint  surfaces.  The  operation  of  arthrodesis  for 
obtaining  artificially  anchylosis  of  a  paralytic,  flail-like  joint  is  de6cril)ed 
in  §  W. 

§119.    Deformities   of  Joints   (Contractures). — The  deformities  of 
joints  which  we  shall  speak  of  here  are  faulty  positions  in  which  joints 

may  have  become  more  or  less  fixed,  and  are 
sometimes  congenital  and  sometimee  acquired, 
and  when  acquired  are  called  contractares.  In 
discussing  the  subjects  of  inflammation  and 
anchylosis  of  joints  we  learned  how  contrac- 
tures might  develop,  and  consequently  we  shall 
confine  ourselves  at  present  merely  to  a  brief 
account  of  the  individual  forms  of  "this  a&e- 
tion,  the  reader  being  referred  to  the  Bcgional 
Surgery  for  a  more  detailed  description  of 
each,  especially  as  regards  the  treatment 

The   congenital  deformities  of  joints  are 
mainly  due   to   disturbances  of   development 
which  occur  in  the  foetal  stage  of  life.     The  congenital  club-foot  (pes 
varus,  Fig.  448) — i.  e.,  the  supination -contracture  of  the  foot— i^  ^ 


Fio.  44^.— Club-foot  (pes 
varus). 
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Fio.   M9.— Club-fc 


le  of   this.     The  sapination   is   almost  always  combined  with 

:  flexion  (pee  ei^aino-varus).    It  might  be  said  that  a  slight 

t  of  club-foot  is  physiological,  iaas- 

as  every  infant  at  birth  Iiae  some 

tion  of  it    Pronounced  club-foot  is, 

speaking,  a  disttirbance  of  develop- 

D  the  astragalo-crnral,  the  calcaneo- 

doid,  or  the  astragalo-scaphoid  joiuts, 

ia  brought  about  principally  by  the 

eing  kept  in  continuous  supination 

to  lack  of  space  in  the  utems.    The 

hich  undergoes  the  most  pronounced 

:  of  form  in  consequence  of   this 

lal  supination  of  the  foot  in  uiero 

astragalus,  the  neck  of  which  be- 
longer  than  it  normally  should  be, 

uiewhat  bent ;  in  other  words,  the 
growth  of  the  as- 
tragalus adapts  itself 

to  the  abnormal  position  which  the  foot  assumes 
in  utero.  The  rare  cases  of  congenital  flat-foot 
(pes  valgus  or  planus,  Fig.  452)  and  of  pes  cal- 
caneo-valgus  originate  in  a  similar  manner,  being 
dne  to  the  pressure  exerted  by  the  walls  of  the 
uterus.  By  pes  ealcaneo-valgus  is  understood  a 
foot  which  is  doraally  flexed  to  such  an  extent 
that  its  dorsum  comes  nearly  or  quite  in  contact 
with  the  leg,  and  is  at  the  same  time  abducted 
(Fig.  -titS).  Scoliotic  or  kyphotic  curvatures  of 
the  spinal  column,  or  clab-hand  or  club-foot, 
may  also  have  their  origin  in  congenital  defects 
occurring  in  the  vertebrse  or  iii  the  bones  of  the 
forearm  or  flower)  leg  (see  Fig.  449). 

The  acquired  deformities  of  joints  are  due 
first  of  nil  to  disturbaTices  occurring  during  the 
growth  of  articular  surfaces  previously  normal, 
in  children  and  young  subjects.  Thus  deformi- 
ties of  the  joints  develop  in  the  lower  extremities 
and  vertebral  column  as  a  result  of  the  pressure 

I  by  the  weight  of  the  body.     Their  origin  is  to  be  ascribed  to 

■e  on  the  joint  surfaces,  which  is  either  too  protracted  or  too 

ve,  or  unevenly  distributed.    This  class  of  cases  includes  the 
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lateral  carratoreB  of  the  spinal  column  or  scoliosis  (Fig.  450 
valgum  (Fig.  451),  and  flat-foot  (pee  planus  or  pee  valgus,  Fi 
Bhachitic  bones  are  particularly  apt  to  suffer  from  these  pre« 
formities;  the  pressure  cauEtf 
ual  change  in  the  shape  of  th 
their  growth  being  diminishe 
parts  where  the  pressure  is  . 
and  increased  where  the  pn 
least.  The  diaphjses  or  ej 
of  the  long  hollow  bones,  ee 
if  they  are  soft  (see  Ehachi 
thus  bent  and  curved  by  the 
which  they  have  to  sustun 
is  also  the  explauation  of  the 
in  the  shape  of  the  vertel 
countered  in  a  case  of  scoliosi 
has  exieted  for  a  long  time 
the  curvatures  of  the  fem 
tibia  in  the  neiglilmurhood 
junction  of  the  epiphysis  w 
diaphyeie;  of  the  obliquity 
condyles  in  genu  valgum  (Mikulicz) ;  and  of  the  depression  of  t 
of  the  foot  and  change  in  shape  of  the  tarsal  bonee  in  pes 
Stretching  or  shortening  of  the  soft  parts,  especially  the  masclef 
and  the  ligaments  of  the  joint,  may  then  develop  eecondarilr. 
has  recently  combated  the  above  theory  of  the  mode  of  devel 
of  bone  deformities,  viz.,  through 
pressure.  According  to  him,  the  de- 
formities of  bonee  are  to  be  regarded 
as  an  adaptation  to  a  pathologically 
altered  function ;  the  changes  in  the 
external  form  of  the  bones  are  a  result 
of  their  internal  structure.  As  op- 
posed to  the  pressure  theory,  the  parts 
that  are  the  seat  of  pressure  show  an 
increased  growth  of  bone  correspond- 
ing to  the  "  trophic  stimulation  of 
function  " — i.  e.,  the  bony  tissue  is  here 
thickened,  while  on  the  side  that  is  free  from  pressure  itisr 
I  consider  these  views  correct. 

As  a  result  of  primary  disease  of  the  muscles,  or,  more  com 
of  the  nervous  system,  myopathic  and  neuropathic  deformities 


Fio.  us.— Pen  V, 


I  119.]  DEFORMITIES  OP  JOINTS.  729 

other  words,  true  contractures  of  joints,  are  produced.  Primarv  tiuis- 
cular  eoutractures  used  to  be  thought  very  common,  and  were  wrongly 
looked  upon  as  the  cause  of 
scolioBie  and  flat-foot. 

Neuropathic  contractures 
are  divided  into  the  spastic  and 
the  paralytic.  Sjmetic  contrac- 
tures are  the  result  of  diseases 
of  the  central  nervous  system, 
and  hence  belong  more  prop- 
erly to  the  province  of  internal 
medicine,  so  that  we  shall  con- 
fine ourselves  here  to  merely  a 
brief  description  of  them  in  so 
far  as  they  are  of  surgical  im- 
portance. Little  and  Erh  have 
recently  made  a  special  study 
of  this  form  of  contracture,  and 
have  shown  that  it  is  not  hy 
any  means  as  rare  as  has  hith- 
erto been  supposed. 

Spastic  ContractnreB— Bpudo 
Spin^   ParalysiB,  —  spastic    con- 

triwturL's  iirt-  '■bsi-rved  most  commonly  in  the  course  of  spastic  spinal  paral- 
ysis, a  condititin  which  is  characterised  hy  spasm  of  the  muscles  and  in- 
creased reflexes,  and  is  caused  mainly  by  chronic  in- 
flammation (sclerosis)  of  the  lateral  pyramidal  tracts 
{Charcot.  Erb).  The  autopsies,  however,  have  not 
shown  a  pure  primary  degeneratioQ  confined  to  the 
latoral  tracts,  and  it  is  hence  doubtful  whether  the 
spastic  spinal  paralysis  is  really  a  disease  au/^^hfi-iV 
— i.e..  a  primary  degeneration  of  the  lateral  pj-ratnidal 
tracts.  It  occurs  as  a  symploni  in  various  atfei'tiuns 
of  the  central  nervous  system — e.  g„  in  chronic  hydro- 
cephalus, cerebral  focal  diseases  with  secondary  de^ii- 
eratioQ  of  the  lateral  tracts,  hydromyelus.  slight  com- 
pression of  the  cord  above  the  lumbar  enlargement, 
spinal  nieningitts.  after  sprains  of  the  cervical  verle- 
bne.  hysteria,  etc.  Among' etitdogical  factors,  syphilis, 
injuries  of  the  spine,  heredity,  etc.,  are  important.  Tlie 
disease  occurs  most  commonly  in  adults  from  twenty 
'[«"'.^''^""'.'  ^  '^"-^  years  of  ag«,  but  it  has  been  observed  in  chil- 

dren, nnti  even  a»  a  congenital  affection  in  adults. 
The  symptoms  are  as  follows  :  At  the  outset  there  are  Observed  a  slight 
fatigue  and  motor  weakness  of  the  lower  extremities,  which  become  affected 
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8imultaneous1.T  or  one  after  the  otlier  ;  in  rare  cases  the  disease  b^na  in  ihe 
arms.  The  legs  gradually  become  paralysed.  It  is  characteristic  that  the 
muscles  do  not  become  atrophied,  and  that  marked  symptom 


tation  and  muscular  spasm 
appearance  early.    The  tendoi 


I  pm-Bljticii 


i  going  on  to  tetanic  contractures  make  tbnr 

1  reflexes  are  very  much  increiased.  (be  skin 

reflexes  remain  normal,  sensory  and  trophic 

disturbances  are  slight  or  absent,  the  fuse* 

tions  of  the  bladder  and  rectum  are  un- 

L  changed,  and  ataxia  never  develops. 

Tlie  spastic  gait  caused  by  themuwulat 
contractures  is  very  characteristic.  The 
legs  are  pressed  against  one  another,  tk 
patient  drags  them  after  him,  the  ends  of 
the  feet  hang  downward  and  are  used  as* 
support,  the  body  is  bent  forward  sharplj, 
and  there  is  a  marked  tendency  to  stumble 
and  fall.  In  consequence  of  the  spasm  ol 
the  muscles  the  tendons  are  lengtheDei 
and  tlie  bone  is  sometimes  thickened  at  the  point  of  insertion  of  the  tendon. 
Fig.  453  represents  a  severe  case.  The  spastic  contractures  are  more  niarktd 
in  the  legs  than  in  the  arms.  The  paralysis  gradually  spreads  upward 
(paralysis  and  rigidity  of  the  muscles  of  the  back,  abdomen,  and  arniii 
The  course  is  very  chronic.  The  prognosis  is  favourable  as  far  as  life  is  cob- 
cerned,  as  the  vital  functions  are  not  interfered 
with,  but  the  disease  is  usually  incurable,  al- 
though it  may  become  slatioiiary  and  even  im- 
prove cuii^iderably.  The  treatment  includes  the 
use  of  gill  van  ism,  hydrotherapy,  prolonged  baths 
at  2(1"  C.  (78°  F.),  and,  above  all,  ortbopasdic 
treatment  to  make  walking  possible.  The  ortho- 
paedic treatment  consists  in  straightening  out 
the  contractures  under  an  aiia'sthetic,  tenotomy 
of  certain  tendons,  followed  by  the  application 
of  plaster  splints,  and  the  use  of  orthopeedic 
appliances  for  practising  certain  movements. 
Massage  is  also  employed.  Tenotomy  not  only 
aids  in  straightening  the  limb,  but  it  also  has 
an  antispasmodic  elTect.  Internall}'.  silver  ni- 
trate, ergot  in,  potassium  iodide,  and  bromides  are 
given.  The  possibility  of  syphilis  or  a  previous 
traumatism  should  always  be  borne  in  mind.  Fio.isa.— "Cl«wpowiioii"i««' 

ta   arifc)  of  the  aofcrs  ;"i- 
_        ,_,.        -,.,..  mi  1    ^  iowimt  pBTBljHia  of  itif  uls^ 

Paralytic    ContractiureB.  —  TJie   paralytic       ncnZ 
contractures— i.  c,  those  which  are  the  result 
of  paralytic  conditions  and  follow  injuries  i 
nervous  system   and   peripheral   nerves— are  extremely  common 
Fif^s.  iU,  455,  45fi).     Tliev  include  the  paralytic  contractures  ^ 
occur  so  frequently  with  the  partial  or  total  paralyses  following  mem 
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gitis  and  encephalitis  in  cliiUlren,  and  the  spinal  (so-calied  essential) 
mfantile  paralyses  which  affect  almost  exclusively  tbe  lower  extremity. 
Of  the  paralytic  contractures  of  tlie  foot  the  most  common  are  the  pes 
equinuB  paralyticus  (Fig.  454)  and  the  paralytic  club-foot  which  very 
often  takes  the  form  of  pes  equiiio-varus  paralyticus.  In  the  paralj-tic 
clab-fout  the  cquinus  position  predominates,  but  in  the  eougenital  form 
the  varus  contracture — i.  e,,  the  adduction  and  supination — is  the  most 
noticeable  feature  (Fig.  448).  The  pes  calcaneus  paralyticus  (Fig.  455) 
and  the  pes  valgus  paralyticus  (Fig.  4.^2)  are  much  rarer.  Paralytic 
contractures  of  the  knee,  the  hip,  and  especially  of  the  hand,  where 
they  may  follow  injuries  of  the  ulnar,  median,  or  musculo- spiral  nerves, 
are  comparatively  common.  Fig.  456  illustrates  the  typical  main  en 
yrlffe,  or  claw  position,  assumed  by  the  fingers  after  paralysis  of  the 
nloar  nerve.  In  the  region  of  the  spinal  column  paralytic  contractures 
take  the  form  of  lateral  curvatures  (paralytic  scoliosis)  or  of  flexion  or 
extension  contractures  (pamlytic  kyphosis  and  loi-dosis).  In  all  cases 
paralysis  of  any  one  particular  group  of  muscles,  or  rather  of  the  nerves 
which  supply  them,  invariably  gives  rise  to  a  characteristic  contracture 
(see  Regional  Surgery,  S  ^94). 

In&ntile  Spinal  Faralyais. — As  the  spinal  paralysis  of  children  often 
leads  to  paralyti<-  contractures,  it  should  be  briefly  described  at  this 
point.  The  disease  usually  attacks  children  between  one  and  four 
years  of  age.  The  acute  infectious  diseases  and  rheumatism  have  an 
important  etiological  lieariug  upon  it,  and  heredity  is  sometimes  to  he 
taken  into  consideration.  Pathologically  it  is  an  acute  inflammatory 
process  situated  in  the  anterior  grey  horns  of  the  spinal  cord  (polio- 
myelitis acuta),  and  is  most  commonly  located  in  tbe  lumbar,  less  often 
in  the  cervical,  enlargeiuent ;  it  is  either  unilateral  or  bilateral,  and  is 
characterised  by  bypertemia,  by  liiemorrliages,  and  by  red  softening 
with  degeneration  of  the  ganglion  cells  and  nerve  fibres.  This  inflam- 
matory process,  which  at  the  outset  is  acute,  results  in  the  development 
of  a  circumscribed  or  diffuse  ecleroeis  (connective- tissue  growth)  with 
secondary  atniphy  of  the  nerve  fibres,  and  a  subsetjuent  Bccoiidarv  <ie- 
ecending  degeneration  of  the  nerves.  The  muscles  supplied  by  these 
nerves  likewise  undergo  a  degenerative  atrophy,  and  in  addition  lie- 
come  the  seat  of  a  secondary  interstitial  growth  of  connective  tissue  or 
fat.  The  atropliy  of  the  nerves  and  their  roots  is  a  secondary  change, 
and  that  of  the  muscles  is  a  result  of  the  loss  of  their  trophic  centres  in 
the  anterior  columns  of  grey  matter.  I^yden  states  that  the  affection 
may  also  result  from  a  peripheral  multiple  neuritis,  tbe  latter  in  part 
remaining  peripheral  and  in  part  leading  to  localised  disease  of  tbe 
spiaal  cord. 


\       spiaal  cord 
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I  must  refer  the  reader  to  the  text-books  on  nervous  diseases  for  a 
full  description  of  the  symptomatology  of  infantile  spinal  paralysis,  as 
only  the  following  brief  outline  will  be  given  here.  The  disease  usn- 
ally  begins  suddenly  without  prodromata,  with  a  high  fever,  40°  to  41* 
C.  (104:°  to  105.8°  F.),  and  corresponding  acute  manifestations  accom- 
panied by  stupor,  convulsions,  etc.  Occasionally  this  acute  febrile  on- 
set is  absent.  After  one  or  two  days  the  acute  manifestations  generally 
disappear.  The  paralysis  develops  during  the  time  that  the  tempera- 
ture is  elevated,  but  is  usually  not  noticed  till  later.  It  spreads  at  first 
very  rapidly,  and  may  aflFect  all  the  muscles  of  the  limbs  and  even 
those  of  the  trunk.  It  then  ordinarily  diminishes,  leaving  a  perma- 
nent paralysis  which  varies  greatly  in  extent,  but  is  generally  mono- 
plegic  and  confined  to  one  leg,  less  often  paraplegic,  and  still  more 
infrequently  takes  the  form  of  spinal  hemiplegia  or  of  crossed  spinal 
hemiplegia  (leg  and  arm  of  different  sides).  Often  only  parts  of  a 
limb,  or,  more  exactly,  only  certain  groups  of  muscles,  are  affected. 
The  permanent  paralysis  is  purely  motor,  and  is  characterised  by  a 
rapidly  progressing  atrophy  of  the  muscles.  Within  one  or  two  weeks 
the  faradic  excitability  is  lost,  though  at  the  outset  there  is  a  temporary 
increased  response  to  the  galvanic  current,  especially  to  the  positive 
pole.  There  are  to  be  noted,  in  addition  to  the  reaction  of  d^nera- 
tion,  the  absence  of  the  cutaneous  and  tendon  reflexes  in  the  region 
where  the  muscles  are  paralysed,  the  not  uncommon  hyperalgesia  of  the 
latter  on  pressure  and  their  steadily  increasing  atrophy,  and,  above  all, 
the  previously  mentioned  contractures  which  most  frequently  occur  in 
the  foot.     The  treatment  is  given  on  page  735. 

In&ntile  Cerebral  Faralyns  (Spastic  Hemiplegia,  Acute  Poliencephali' 
tis — Striimpell). — Infantile  cerebral  paralysis,  which  occurs  chiefly  in  chil- 
dren from  three  to  four  years  of  age,  is  caused  by  lesions  in  the  motor  areas 
of  the  cortex  (inflammatory  changes  with  atrophy,  loss  of  tissue,  cicatrices). 
There  is  sometimes  a  diffuse  sclerosis  of  the  cortex,  atrophy  of  one  hemi- 
sphere, etc.  The  disease  is  also  congenital,  or  may  be  due  to  conditions 
occurring  during  birth.  The  same  etiological  factors  are  present  as  in  infan- 
tile spinal  paralysis.  The  onset  of  the  disease  is  acute,  with  fever  and  con- 
vulsions, vomiting,  and  usually  unconsciousness.  The  duration  of  this  ini- 
tial stage  varies  from  days  to  months.  Later  the  constitutional  disturbances 
disapi>ear  and  the  paralysis  becomes  noticeable.  The  latter  is  generally  con- 
fined to  one  half  of  the  bmly  (with  exception  usually  of  the  face),  to  an  arm  or 
leg.  Sometimes  true  paralyses  are  not  present,  but  only  a  slight  limitation 
of  motion.  The  following  symptoms  are  characteristic  of  cerebral  paralysis: 
The  faradic  contra<jtility  of  the  paralysed  muscles  is  unchanged,  there  tf  no 
reaction  of  degeneration,  the  .sensation  and  temperature  of  the  skin  are  usu- 
ally normal,  and  the  tendon  reflexes  are  increased,  particularly  on  the  para- 
lysed side.     Contractures  of  the  paralysed   muscles  usually  appear  early. 
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Tliere  are  also  evidences  of  irritation  of  the  motor  centres  {athetosis,  severe 
twitching),  and  cortical  epilepsy,  either  iii  the  form  of  u  local  spusm  of  the 
paralyHed  inuscJes  without  loss  of  consciousness,  or  a  true  epileptic  attack  ; 
in  the  latter  case  the  convulsions  begin  in  the  paralysed  muscles  and  then 
become  general.  Mention  should  also  be  made  of  the  marked  disturbances 
in  the  growth  of  the  muscles  and  bones  on  the  paralysed  side.  Im  some  cases 
there  are  mental  disturbances,  paralysis  of  the  bladder,  rectum,  etc. 

The  treatment  is  in  the  main  the  same  as  that  of  infantile  spinal  paralysis, 
and  is  princijMilly  orthopa'dic  (see  page  735). 

The  Hanner  in  whicli  Contractnm  Develop. — How  do  tlie  various 
piirjilytic  contrac-tures  wliicli  occur  in  such  typical  forms  come  to  take 
place )  DelpecL  waa  of  the  opinion  that  thej  were  produced  by  active 
shortening  of  the  non-paralysed  antagonistic  groups  of  muscles,  aiid 
that  for  tills  reason  the  contractare  took  place  towards  the  side  of  the 
antagonists.  Kut  Volkmann  and  Hiieter  have  shown  that  this  antago- 
nistic theory  is  not  in  itself  sufficient  to  explain  the  manner  in  which 
paralytic  contractures  develop ;  that,  in  fact,  the  contracture  of  the  an- 
tagonists is  quite  commonly  ali&eut,  and  that,  in  addition,  the  contrac- 
ture really  forms  in  the  direction  of  the  paralysed  group.  They  proved 
that  the  weight  of  the  limh,  and,  in  the  case  of  the  lower  extremity, 
the  sii]>erimpoBed  weight  of  tlie  body,  play  very  important  parts  in  the 
production  of  the  paralytic  contractures.  This  is  the  way  in  which  the 
pes  equinus  paralyticus  (Fig.  4-54)  develops,  since  the  foot  drops  down 
of  its  own  weight — in  other  words,  assumes  a  position  in  plantar  flex- 
ion, no  matter  whether  all  the  muscles  of  the  leg  below  the  knee  or 
only  the  extensors  are  paralysed.  This  equinus  position  of  the  foot 
may  also  result  from  a  paralysis  which  is  limited  to  the  muscles  of  the 
calf  alone,  for  the  reason  that  the  paralysed  muscles  undergo  a  shorten- 
ing from  lack  of  nutrition.  The  weight  of  the  paralysed  limh  can  like- 
wise be  shown  to  have  an  effect  upon  the  development  of  contractures 
iu  other  joints  of  the  upper  and  lower  extremity. 

The  pressure  exerted  upon  the  paralysed  part  by  the  weight  of  the 
body  is  a  matter  of  importance  in  the  production  uf  the  various  con- 
tractures which  may  occur  in  the  a])inal  column  and  in  the  lower  ex- 
tremity when  the  affeL-tod  limh  is  used  for  standing  and  walking.     This 

,  partially  explains  the  way  in  which  tlie  paralytic  scoliosis  and  paralytic 
flat-foot  develop.  The  rare  deformity  known  as  pes  calcaneus  (Fig. 
45S),  which  is  usually  combined  with  a  valgus  position — i.  e.,  a  flatten- 

1  ing  of  the  inner  liorder  of  the  foot — is,  according  to  Volkmann,  caused 
by  ft  tipping  forward  of  the  os  ealcis,  due  to  the  latter  not  being  held 
firmly  etiougli  in  position  by  the  muscles  of  tlie  calf. 

I  The  diagnosis  of  paralytic  contractures  is  usually  easy,  and  can 

I       be  made  from  their  general  appeatance,  without  an  electrical  exam- 
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ination  (eee  Injuries  of  Nerves,  Diseases  of  Nerves,  §  ST,  I  8S, 
and  §  97). 

The  pure  myopathic  contractures  due  to  primary  dieease  of  moMles 
are  much  rarer  than  the  neuropathic,  aud  reenlt  from  certain  forme  of 
atrophy,  injury,  and  inflammation  of  muscle  (see  §  98). 

The  cicatricial  contractures,  especially  those  due  to  loss  of  Bul»Uiiee 
in  the  skin  and  subcutaneous  soft  parts  following  acute  and  chrome 
inflammations  of  the  soft  parts  and  joints,  have  already  been  safficientlT 
descriljed  iu  the  chapters  on  liealing  of  Wounds  (§  CI)  and  on  Injunei 
and  Inflammations  of  the  Soft  Parts  {§§  87-100). 

We  have  thus  gained  an  uuderstaiiding  of  the  onmeroDB  canea 
which  give  rise  to  contractures,  and  cau  now  distinguish  two  mtUD 
groups  of  those  whicli  involve  joints,  basing  the  claseificatiou  upon  the 


Fro.  15T. — Contracture  of  tha  hip-joiDt  In  coiitJB  Aom  Bhriutige  of  the  fucii  liU. 

manner  in  wliich  they  originate;  these  are,  (1)  artJirogenic  contiw- 
tures  resulting  from  congenital  or  acquired  changes  in  the  parts  whith 
constitute  the  joint,  and  (2)  non-arthrogenic  contractures  due  to  p&tbo- 
logical  changes  in  the  neighbourhood  of  the  joint,  or  to  other  dUeaeft 
especially  those  of  the  nervous  system.  The  neurogenic,  mvogenie, 
anil  tetidogenic  contractures  which  follow  diseases  or  injuries  of  the 
nerves,  muscles,  or  tendons,  or  are  brought  about  by  shrinkage  of 
fascia,  etc.,  belong  to  the  non-arthrogenic  class.  The  cicatricial  on- 
traetures  which  follow  losses  of  snbstance  from  traumatism  or  inflam- 
ntation,  or  are  the  result  of  adhesions,  may  occur  in  any  part  of  the 
body.  Contractiirca  of  joints  are  sometimes  produced  by  causes  which 
are  partly  arthrogenic  and  partly  non-arthrogenic,  as,  for  example^  i" 
chronic  inflammations  of  the  hip  (coxitis),  where  there  develops  alon? 
with  the  inflammation  a  progressive  shrinkage  of  the  fascia  lata,  noif* 
this  is  prevented  by  proper  treatment  (Fig.  457).     Muscular  contiw- 
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tures  in  diseaees  of  joints  are  also  very  freqnently  caused  by  reflex 
action,  as  described  ou  paj^es  5li9  and  575. 

Treatment  of  Sefonnitiea  and  Contraoturea  of  Jouita. — Tlie  treatment 
of  very  many  of  the  deformities  and  coiitnietures  of  joiuia  lieionga 
really  to  tbe  province  of  orthopaedic  surgery,  wliich  has  made  great 
progress  in  tbe  last  few  years.  It  would  rei|uire  too  much  space  to 
describe  at  length  the  treatment  of  each  separate  deformity,  but  it  will 
stiltice  to  say  here  that  in  general  tbe  treatment  coueists  in  tbe  use  of 
immobilising  dressings  (plaster  of  Paris,  extension),  supporting  api»ara- 
tus,  operative  measures  (osteotomy,  tenotomy,  myotomy),  electricity, 
massage,  and  gymnastics.  The  treatment  of  cicatricial  conti-actui-es 
which  have  resulted  from  inflammation  and  injury  of  tbe  soft  parts 
has  already  been  spoken  of  in  connection  with  Injuries  and  Inflamma- 
tions of  tbe  Soft  Parts  (§§  87-100),  and  tbe  treatment  of  arthrogenic 
contractures  baa  been  given  in  connection  with  Inflammations  and 
Anchylosis  of  Joints  (§§  113-118). 

The  treatment  of  infantile  spinal  paralysis  consists  in  the  nee  of 
massage,  electricity,  and  a  strengtbeniog  mode  of  life.  A  weak  gal- 
vanic current  should  be  applied  to  the  spinal  cord  as  early  as  possible, 
by  placing  one  of  the  large  fiat  electrodes  over  the  iMrtion  wliicb  is 
supposed  to  be  the  seat  of  the  disease,  and  tbe  other  electrode  on  the 
anterior  surface  of  the  trunk,  ami  then  alternating  the  action  of  tbe 
anode  with  that  of  tbe  cathode.  In  addition,  the  muscles  themselves 
are  treated  with  weak  faradic  or  galvanic  currents,  and  massaged,  or 
rubbed  with  alcohol.  Baths  (hot  baths,  salt  liaths,  sea  baths,  etc.)  are 
DBeful,  as  well  as  other  bydrothera[)eutic  measures;  also  tbe  internal 
administration  of  the  io<lide  of  potassium,  nitrate  of  silver,  ergotine, 
iron,  stryclinine,  cod-liver  oil,  and  finally  good  air  and  nourishing  food. 
Supporting  apparatus  or  immobilising  dressings  should  be  used  to  pre- 
vent the  occurrence  of  deformities,  especially  in  the  lower  extremities. 
In  suitable  eases  (e.  g.,  in  paralytic  pes  valgus,  pes  equinus,  etc.)  tbe 
transplantation  of  tendons  is  employed  ;  the  paralysed  muscles  or  ten- 
dons are  sutured  into  non-paralysed  ones,  and  tbe  function  of  tbe  for- 
mer is  thus  restored.     See  also  page  iS]  and  the  Regional  Surgery. 

Tbe  treatment  of  infantile  cerebral  paralysis  is  in  the  main  tbe 
same  as  that  of  tbe  spinal  form. 

The  treatment  of  spastic  spinal  paralysis  has  already  been  spoken 
of  on  pape  "30. 

In  order  to  prevent  or  correct  deformities,  it  is  a  good  plan  to  ase 
plaeter-i  if- Paris  dressings  or  suitable  orthoj>tedir  contrivances.  Ten- 
otomy is  often  of  great  value ;  it  not  only  corrects  deformity,  but  acta 
directly  as  an  antispasmodic  measure. 
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§  120.  Iiy'uries  of  Joints. — Injuries  of  jointe  are  divisible  i 
main  groups,  ( 1)  subcutanooiis  and  (2)  open.     The  latter  are  all 
peuetratiiig,  ae  they  enter  the  joint-cavity.     We  aball  tirst  take  up  con- 
tusions of  joints. 

Joint  Contiuioni. — ContusioDs  resulting  from  a  blow  with  some 
blunt  instrument,  or  from  a  fall,  are  the  mildest  form  of  injury  to  a 
joint.  The  contusions  may  lie  direct  or  indirect,  depending  npon 
whether  the  violence  -which  canees  the  injury  acts  directly  upon  the 
joint,  or  indirectly  by  contre  foup.  Indirect  contusions  of  the  hip,  for 
e.tample,  are  caused  by  a  fall  upon  the  feet  or  upon  the  trochanter.  In 
indirect  contusions  the  principal  injury  is  a  greater  or  less  amount  of 
bruising  of  the  articular  surfaces  brought  about  by  tlie  latter  l}eing 
forced  against  one  another,  and  in  the  worst  cases  a  fracture  may  occur 
with  impaction  of  the  fragments  ;  but  in  direct  contusions  it  is  mainly 
the  surrounding  soft  parte  and  the  synovial  membrane  which  are 
injured. 

The  most  important  symptom  of  a  contusion  of  a  joint  ia  the 
eflEusion  of  blood  into  the  latter — the  hfemarthros — which  is  in  some 
cases  slight,  in  others  very  marked,  so  that  the  joint  feels  tense.  The 
blood  coagulates  in  a  joint  very  quickly,  but  the  clots  soon  dimin- 
ish in  amount — i.  e.,  they  are,  as  it  were,  dissolved  by  the  synovial 
fluid,  ao  that  in  twenty-four  hours  after  the  accident  there  is  a  viscid, 
bloody  collection  in  the  joint,  which  is  readily  absorbable  by  the  lym- 
phatics of  the  synovial  membrane  (Jaffe).  If  the  joint  is  filled  to  its 
utmost  limits  it  becomes  slightly  Hexeti,  as  this  position  renders  it  most 
relaxed  and  gives  it  its  greatest  capacity.  The  effusion  of  blood  is, 
of  course,  most  easily  made  out  in  joints  like  the  knee,  which  are 
superficially  situated.  In  liBemophilia  and  scurvy  an  effusion  sometimes 
occurs  spontaneously,  or  as  a  result  of  very  slight  injuries.  Other 
symptoms  of  joint  contusions  are  an  infiltration  of  the  skin  and  the 
subcutaneous  soft  parts  with  blood,  especially  if  the  contusion  is  direct ; 
pain  in  the  joint,  which  is  usually  slight,  but  made  worse  by  move- 
ment; and  disturbance  of  function,  varying  with  the  amount  of  blood 
which  is  effused.  For  the  symptoms  caused  by  a  fracture  of  the  bony 
part-s  of  a  joint  the  reader  is  referred  to  §  101  (Fractures). 

The  subsequent  course  of  a  contusion  of  a  joint  which  is  not  com- 
plicated by  a  fracture  is.  as  a  rule,  favourable,  and  complete  recovery 
usually  follows  in  a  short  time,  though  occasionally  slight  inflanmiatory 
symptoms,  or  hydarthros,  |)ersist  for  a  good  while.  It  is  only  in  very- 
exceptional  instances  that  suppuration  takes  place  within  the  joint, 
from  a  suppurative  process  which  originates  in  a  laceration  of  the  skin, 
gradually  extends  to  the  deeper  parts,  and  finally  involves  the  articnlft- 
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tion.  Supparation  of  the  effusion  of  blood,  due  to  micro-organisms 
'^Lich  are  deposited  by  the  circulating  blood,  is  extremely  rare,  but 
in  a  tubercular  or  scrofulous  person  a  tubercular  inflammation  not 
infrequently  results  from  a  contusion  or  sprain  of  a  joint. 

The  diagnosis  of  contusion  can  usually  be  easily  made  from  the  swelling 
of  the  joint  coming  on  after  a  traumatism,  from  the  fluctuation,  the  pain  on 
naoTement,  and  the  more  or  less  marked  loss  of  function.  The  effusion,  if 
sufficient  in  amount,  assumes  the  outward  configuration  of  the  joint.  The 
possibility  of  haemophilia,  as  well  as  of  fracture,  should  always  be  thought 
of,  and  as  careful  an  examination  as  possible  made  with  these  in  view. 

The  treatment  of  joint  contusions  consists  in  the  employment  of 
massage  at  an  early  period,  in  order  to  get  rid  of  the  effusion  by  press- 
ing it  into  the  interstices  between  the  tissues  and  by  causing  it  to  be 
Absorbed  by  the  lymphatics.  Pressure  applied  to  the  joint  by  means  of 
elastic  bandages,  and,  above  all,  repeated  movements  of  the  joint,  also 
promote  the  absorption  of  the  blood.  In  this  way  joint  contusions  are 
made  to  get  well  very  rapidly,  and  even  very  large  effusions  will  dis- 
appear in  a  few  days  if  massage  is  begun  as  soon  as  possible  after  the 
accident  Contusions  of  joints  used  to  be  treated  by  keeping  the  joint 
at  rest  and  by  applying  ice.  Ice  is  seldom  necessary,  and  then  only  in 
the  first  stages,  to  soothe  the  pain ;  but  keeping  the  joint  at  rest  is 
actually  harmful  in  typical  cases  uncomplicated  by  a  fracture,  as  the 
organisation  of  the  effusion  into  connective  tissue  is  thus  materially 
helped.  Puncture  and  antiseptic  irrigation  of  the  joint  (see  page  692) 
we  only  necessary  when  the  joint  is  distended  to  its  utmost  capacity. 
For  the  treatment  of  a  hydarthros  or  suppuration  of  a  joint  which  may 
follow  a  contusion,  the  reader  is  referred  to  §§  113, 114.  A  subcutane- 
ous fracture  within  a  joint  is  treated  according  to  the  rules  laid  down 
on  page  621. 

§  121.  Sprains  {Distortions). — By  a  sprain  or  distortion  we  mean  a 
Momentary  forcible  stretching  and  twisting  of  a  joint,  usually  combined 
^th  a  laceration  of  certain  portions  of  its  capsule  and  ligaments.  At 
present  we  shall  omit  all  mention  of  the  severe,  complicated  lacerations 
^hich  are  accompanied  by  opening  of  the  interior  of  the  joint,  as  we 
^11  return  to  these  injuries  under  the  subject  of  Penetrating  Wounds 
of  Joints,  and  shall  confine  ourselves  here  simply  to  a  description  of 
^he  typical  subcutaneous  sprains  or  distortions  which  occur  with  such 
great  frequency. 

Besides  the  stretching  and  tearing  of  the  capsule  and  ligaments  of 
^e  joint  and  the  periarticular  soft  parts  which  we  have  just  men- 
^oned,  there  also  occurs  a  temporary  change  in  the  normal  position  of 
^e  articular  ends  of  the  bones — a  momentary  partial  dislocation,  as  it 
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were — but  as  soon  as  the  force  has  ceased  to  act  they  retura  to  their 
proper  position.  Sprains  are  usually  caused  by  the  same  sort  of  vio- 
lence as  dislocations  (see  §  122) — i.  e.,  by  forced  movements  which 
are  carried  beyond  the  physiological  limits,  or  which  are  at  variance 
with  the  normal  mechanism  of  the  joint.  The  amount  of  force  applied 
in  causing  sprains  is,  however,  not  sufficient  to  bring  about  a  more 
than  temporary  separation  of  the  articular  ends  of  the  bones,  and  only 
a  stretching  or  partial  tearing  of  the  capsule  and  ligaments  takes  place, 
though  in  the  severest  cases  these  structures  may  be  completely  rup- 
tured. Sprains  of  the  wrist  are  usually  the  result  of  hyperextension, 
hyperflexion,  or  torsion  of  the  hand,  and  those  of  the  ankle  of  forced 
pronation  or  supination  of  the  foot.  Simultaneously  with  sprains  of 
the  joint  the  neighl>ouring  muscles  and  tendons  are  of  course  often 
stretched  and  lacerated,  but  a  partial  or  complete  rupture  of  the  mus- 
cles and  tendons  or  dislocation  of  the  latter  is  only  observed  in  rare 
instances.  Injuries  of  bones,  consisting  in  contusions  of  their  articu- 
lar ends,  or  in  tearing  or  chipping  off  portions  of  them,  are  common 
occurrences  in  distortions.  Examples  of  such  injuries  are  fractures  of 
the  fibula  or  internal  malleolus  in  sprains  of  the  ankle,  fractures  of  the 
lower  end  of  the  radius  in  sprains  of  the  wrist,  and  cortical  tear- 
fractures  {Ris8'fracture7i) — i.  e.,  the  tearing  away  of  pieces  of  bone 
which  form  the  points  of  insertion  of  ligaments  and  tendons.  I 
should  not  omit  mentioning  the  dislocations  of  interarticular  cartilages 
which  may  take  place — the  semilunar  fibro-cartilages  of  the  knee,  for 
example — in  sprains  of  the  latter  joint. 

The  symptoms  of  a  sprain  consist  mostly  in  a  very  intense  pain,  in 
consequence  of  which  the  active  function  of  the  joint  is  disturbed,  the 
joint  becoming  completely  powerless  and  as  though  paralysed.  There 
is  usually  a  diffuse  swelling  of  the  joint,  caused  by  the  intra-articnlar 
and  periarticular  effusion  of  blood,  and  if  a  fracture  is  present  at  the 
same  time  this  effusion  is  very  marked.  Later,  owing  to  changes  in 
the  colouring  matter  of  the  blood  situated  in  the  skin  and  subcutaneous 
tissue,  bluish-red,  bluish-green,  dark  yellow  or  yellow  discoloratioDS 
make  their  appearance.  The  subsequent  course  of  sprains  in  tvpical 
cases  is  usually  favourable,  and  as  a  rule,  if  proper  treatment  is  adopted, 
they  get  well  very  rapidly.  In  cases  complicated  by  a  fracture,  the 
final  outcome,  especially  as  regards  restoration  of  the  function  of 
the  joint,  is  dependent  upon  the  nature  and  location  of  the  break  in 
the  bone.  Complicated  cases  of  sprain  may  occasionally  give  rise  ^(i 
chronic  deforming  inflammations  of  the  joint,  which  obstinately  rei'^ 
every  form  of  treatment.  In  other  instances  anchylosis  may  develop, 
or  the  opposite  conditions  may  be  encountered,  the  articulation  becom- 
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ing  loose  »nd  t!ai]-like  from  the  stretching  and  displacenient  of  its 
Tarioue  constituentH,  bo  that  subluxations,  or  partia!  dielocatioDH  of 
joints,  like  the  wrist,  knee  (genii  valgum),  or  ankle  (flat-foot),  may 
result.  The  conseijuences  which  inaj  ensue  from  an  unrecognised 
rupture  of  a  tendon  or  separation  of  tlie  latter  from  its  point  of  attach- 
ment are  also  worthy  of  consideration.  Sprains,  like  contusions,  are 
only  followed  by  acute  suppuration  of  the  joint  in  very  exceptional 
iDStances;  but  not  infrequently  predisiKified  individuals  may  subae- 
quently  acquire  a  tubercular  arthritis  in  a  joint  which  has  been  the 
seat  of  a  distortion. 

The  diuyntnti*  of  sprains  can  be  easily  njade  from  what  has  been 
said ;  but  tho  joint  should  always  be  carefully  examiueil  for  fracture, 
especially  when  the  injury  is  near  the  hand  or  foot. 

The  treatTiient  of  aubcutaneous  sprains  which  are  not  complicated 
by  a  fracture  is  essentially  the  same  as  that  of  a  contusion  of  a  joint,  and 
coaeiets  in  early  massage,  intermittent  bandaging  of  the  joint  with  an 
elastic  bandage,  and  the  use  of  methodical  movements.  Antiphlogesie 
is  very  frequently  not  necessary,  or  at  most  only  in  the  first  few  hours 
or  days.  Massage,  in  cases  not  complicated  by  a  fracture,  frequently 
seems  to  act  in  a  marvellous  way,  and  a  joint  which  is  still  perfectly 
stiff  and  without  function  may  again  be  made  capable  of  active  motion 
and  of  performing  all  its  functions  by  massaging  it  only  once.  The 
sooner  massage  is  begun  the  better.  Rest  and  immobilisation  in 
unconiphcated  cases  are  to  l>e  condemned.  If  a  fracture  is  present, 
it  should  of  course  be  treated  according  to  the  general  principles  which 
apply  to  it.  In  the  rare  cases  of  complete  rupture  of  the  tendons  or 
capsule,  the  joint  must  likewise  at  first  be  immobilised  until  the  tears 
in  these  structures  have  united.  If  tendons  have  been  ruptured,  their 
ends  may  ultimately  have  to  be  joined  together  by  catgut  sutures. 
Other  complications,  such  as  suppurative  arthritis — which  veri'  rarely 
occurs — are  to  be  treated  in  the  usual  way.  Puncture  and  antiseptic 
irrigation  of  the  joint,  on  account  of  extreme  distention  of  the  latter 
with  blood,  are  called  for  only  in  exceptional  instances. 

i;  122.  Dialooationi  (LnxatioiiBt  of  Jointa, — By  a  dislocation  is  meant 
a  permanent  displacement  of  the  articular  ends  of  two  or  more  of  the 
bones  making  up  the  joint.  Dislocations  are  complete  or  inconi]ilete, 
the  latter  also  being  called  subluxations.  In  cumplete  dislocations  the 
opposed  joint  surfaces  are  entirely  separated  from  one  another,  while 
in  the  lun-nipletf  variety  the  articular  ends  are  still  partially  in  con- 
tact. The  dislocations  of -Hmphiarthroees  like  the  symphysis  pubis  are 
QBually  calleil  diastases.  A  distinction  is  also  made  between  recent 
and  old,  and  between  simple  and  coniplicated  or  compound  disloca- 
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tionB.  The  latter  iDclude  those  especially  which  are  associated  vitli 
open  wounds  in  the  soft  parts,  with  ruptures  of  large  vessels  or  nerves, 
or  with  fractures. 

As  regards  the  causation  of  dislocations,  we  distinguish  (1)  the  trau- 
matic, due  to  external  violence,  {2)  the  spontaneous,  pathological,  or 
inflammatory  dislocations  which  occur  in  the  course  of  an  iDflamma- 
tion  in  a  joint,  and  (3)  the  congenital  dislocations. 

I.  Traumatic  Bislooationa. — Traumatic  dislocations  are  almost  al- 
ways the  result  of  external  violence,  rarely  of  excessive  muscular  ac- 
tion. The  force  is  usually  applied  indirectly,  so  that  the  bones  are 
separated  from  one  another  by  leverage,  the  power  being  exerted  at  a 
greater  or  less  distance  from  the  joint.  Thus,  as  a  rule,  forced  move- 
ments are  caused  to  take  place  which  go  beyond  the  physiological 
limits  of  flexion,  extension,  abduction,  adduction,  pronation,  or  supi- 
nation, or  movements  are  produced  which  are  at  variance  with  the 
normal  mechanism  of  the  joint,  particularly  forced  rotation.  In  every 
joint  there  exists  a  mechanism  for  checking  its  motion  ;  this  is  gener- 
ally made  up  of  bone,  less  often  of  the  ligaments  or  capsule  of  the 
articulation.  When  a  dislocation  takes  place  this  natnral  inhibitory 
mechanism  is  overcome,  and  the  articular  end  of  the  bone  is  pressed 
against  this  check  to  its  further  movement,  which  then  becomes  the 
fulcrum.  If  the  force  ceases  to  act  at  this  stage,  the  articular  ends  of 
the  bones  return  to  their  normal  position  of  contact  with  one  aDother, 
and  only  a  sprain  is  the  result ;  but  if  the  force  keeps  on  acting,  one 
of  the  articular  surfaces  is  lifted  from  the  other,  the  capsule  ruptures 
the  ligaments  and  muscular  insertions  which  resist  are  stretched  or 
likewise  ruptured,  and  the  articular  end  of  the  bone  escapes  either 
partially  or  completely  from  the  capsule. 

In  a  dislocation  of  the  elbow  from  over-extension,  the  olecranon 
fossa  acts  as  the  fulcrum  against  which  presses  the  tip  of  the  olec- 
ranon process.     At  the  hip  the  rim  of  the  acetabulum  is  the  ful- 
crum.    The   point  where  the  displaced  articular  end  of  the  bone 
flnally  comes  to  rest  depends  upon  the  nature  of  the  movement  and 
the  amount  of  force  brought  to  bear.     After  the  force  which  pro- 
duces  the   injury  has  ceased  to  act,  the  dislocated  articular  end  oi 
the  bone  is  made  to  assume  some  particular  position  by  a  so-called 
seconrhiry  movenient^  brought  about  by  the  elasticity  of  the  soft  parts 
— skin,  ligaments,  capsule,  and  muscles.     In  this  the  weight  of  the 
limb  and  the  movements  made  by  the  injured  person  or  by  other? 
are  also  to  be  taken  into  consideration.     The  dislocated  articular  eiirf 
of  the  hone  is  held  in  its  new  position  mainly  by  means  of  the  onifl- 
jured  portions  of  the  cai^sule  and  accessory  ligaments.     The  disloca- 
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tions  cansed  by  direct  violence,  such  as  a  blow  o»  fall  upon  the  joint, 
are  much  rarer. 

Occasionally  dislocations  result  from  muscular  action,  especially  at 
the  shoulder  (Cooper,  Streubel,  etc.),  where  they  have  been  caused  by 
making  attempts  to  seize  an  object  placed  above  the  head,  or  by  pull- 
ing with  the  hand  elevated.  The  dislocations  of  the  lower  jaw  due  to 
opening  the  mouth  too  wide,  as  in  yawning,  are  also  produced  by  mus- 
cular action  ;  and  dislocations  following  general  muscular  contractions, 
as  in  epilepsy  or  eclampsia,  belong  to  the  same  category. 

Many  persons  can  dislocate  their  joints  voluntarily  ;  but  these  dis- 
locations— ^.that  of  the  first  phalanx  of  the  thumb  being  a  common  ex- 
ample— are  not  ordinarily  complete,  though  in  some  instances  they 
may  be.  The  well-known  athlete  Warren  was  able  at  will  to  com- 
pletely dislocate  most  of  his  joints,  including  the  shoulder  and  hip, 
and,  in  the  case  of  the  latter,  to  cause  the  head  of  the  femur  to  lie 
two  inches  above  N61aton's  line.  Then,  when  he  wished,  he  could 
lednce  it  again,  causing  a  loud,  snapping  sound.  Acrobats  and  so- 
called  "  snake  men  "  bring  about  by  constant  practice  such  a  length- 
ening and  loosening  of  the  capsule  and  ligaments  of  their  joints  that 
they  can  finally  dislocate  the  latter  and  bring  them  back  into  place 
again  voluntarily. 

Occurrence  of  Traumatic  Bislocations. — Dislocations  are  most  common  in 
middle  life,  and  are  very  rare  in  old  people  and  young  children,  for  the  reason 
that  external  violence  is  more  likely  to  cause  their  bones  to  break.  Young 
children  are  very  apt  to  sustain  separations  of  the  epiphyses  owing  to  the 
slight  powers  of  resistance  which  the  latter  possess.  Dislocations  of  the 
^Pper  extremity  are  the  most  common,  amounting,  according  to  Kronlein, 
to  92.3  per  cent,  of  all  luxations,  while  dislocations  of  the  lower  extremity 
amount  to  only  5  per  cent,  and  those  of  the  trunk  to  only  2.8  per  cent.  Dis- 
locations of  the  shoulder,  on  account  of  the  freedom  of  motion  in  this  joint, 
^fe  the  most  common,  constituting  about  one  half  of  all  the  dislocations 
^hich  are  encountered  (51.7  per  cent,  Kronlein).  Dislocations  occur  from 
three  to  five  times  more  frequently  in  men  than  in  women,  because  the  for- 
^^f  are  more  exposed  to  injuries  on  account  of  their  occupations.  Disloca- 
uons  of  the  lower  jaw  are.  however,  according  to  Kronlein,  about  four  times 
^ore  common  in  women  than  they  are  in  men. 

The  anatomical  changes — i.  e.,  the  amount  of  injury  to  the  tissues — de- 
pend in  general  upon  the  nature  and  intensity  of  the  foi*ce  which  is  brought 
^  hear  and  the  anatomical  structure  of  the  joint  in  question.  As  a  rule, 
however,  the  following  injuries  to  the  tissues  are  more  or  less  constant :  The 
'^utin  the  capsule,  which  is  always  present  in  a  complete  traumatic  disloca- 
^on,  is  sometimes  slit-shaped  and  sometimes  irregular  in  form ;  not  infre- 
quently the  capsule  is  torn  from  its  insertion,  and  may  or  may  not  carry 
^th  it  at  the  same  time  a  portion  of  the  bone  to  which  it  is  attached.  The 
Accessory  ligaments  are  either  stretched,  lacerated,  completely  ruptui^ed,  or 
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pointof  insertion  o 
.    The  iutra-articula 


II  the  bone.  Similar  changes  take  plaM 
r  and  ]>eriarticular  effusion  of  blood  is 
usually  not  very  lar^  and  ichto 
it  is,  a  fracture  may  be  Busp«ct«<L 
The  most  important  complicationa 
of  traumatic  dislocations  are  exten- 
sive injury  to  the  skin  and  subcuU- 
neous  soft  parts,  the  simullaneous 
presence  of  a  fracture,  and  injuria 
to  large  v^eels,  nerves,  and  intenut 
organs. 

In  the  majority  of  cases  of  lU- 
complical«d  dislocations,  after  reduc- 
tion of  the  displaced  articular  ttir 
faces  has  been  accomplbhed,  a  fom- 
plete  restitutio  ad  integrum  usually 
follows,  the  rent  in  the  capsule  ap- 
pearing to  heal  with  especial  r^iid- 
ity.  But  if  the  dislocated  articuUr 
end  of  the  bone  remains  in  iis  ab- 
normal position  a  new  more  or  Irs 
perfect  joint  is  formed— a  so-caliri 
nearthrosis{seeFigs. 458.447).  These 
nearthroses  are  sometimes  very  [K^ 
fectly  developed,  especially  st  the 
hip  and  shoulder.  As  illustraudin 
Fig.  458,  a  new  socket  is  fom^ed  al 
the  hip  by  growth  of  the  periosteum,  which  becomes  covered  with  liyalinf 
or  fibrous  cartilage.  The  capsule  is  construcl«d  by  an  inflammatorv  ne« 
formation  of  tissue  in  the  surrounding  soft  parts,  and  its  inner  surfaM  is 
gradually  made  smooth  by  the  movements  of  the  head  of  the  boiie.  so  thai  il 
may  filially  come  to  resemble  a  synovial  membrane.  The  dislocated  end  of 
the  bone  usually  atrophies  somewhat,  and  changes  take  place  in  its  articular 
surface  curreisponding  to  the  new  conditions  of  friction;  these  changes  an 
sometimes  similar  to  those  of  arthritis  deformans. 


in  fi.-inorin  nupnootyloiilea 
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Symptonu  and  Dia^osii  of  Tfucomplioated  Tramnatio  Sialocationi.- 

The  symptoms  of  traumatic  dislocations  are  partly  objective  and  parllj 
subjective.  The  objective  symptoine  are :  (1)  A  change  in  the  contiinr 
of  the  joint ;  (3)  a  change  in  the  relative  positions  of  the  articular  euJs 
of  the  bones;  (3)  a  change  in  the  axis  of  the  limb;  (4)  a  lengtheniDi! 
or  shortening  of  the  dislocated  limb  (Fige.  459,  460).  The  change  in 
the  contour  of  the  joint  is  often  evident  to  an  experienced  eye  «t  the 
firiit  glance.  The  patient  should  always  be  snfflciently  undresfeH  '" 
render  a  comparison  between  the  sound  and  damaged  side  possil'lf- 
one  can  then  note  the  normal  configuration  of  the  uninjured  joi"'T 
the  normal  position  of  the  bony  prominences,  the  relationship  of  tbe 
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le  of  the  skin  and  soft  parts  on  the  healthj  and  tlie  abnormal 
>refiaions  and  elevatione  on  tlie  diseased  side  resulting  from  the 
nged  situation  of  the  head  of  the  dislocated  bone.  Tlie  most 
mrtant  symptom — viz.,  the  abnonnat  position  of  the  head  of  the 
ocated  bone — can  be  recognised  by  palpation  or  by  making  move- 
its  with  the  dislocated  limb.  The  altered  direction  in  which  the 
er  points  is  usually  such  that  the  long  axis  of  the  luxated  bone 
s  not  strike  the  articular  cavity  of  the  other,  but  passes  outside  of 
in  the  case  of  the  shonlder,  for  example,  the  long  axis  of  the 
Qerus  passes  outside  of  the  glenoid  cavity  {Figs.  459,  400).  The  ■ 
ocated  limb,  in  the  majority  of  instances,  is  shortened,  rarely 
^hened,  and  assumeg  a  position  which  is  perfectly  characteristic  in 
ry  dislocation. 

The  subjective  symptoms  are  pain,  and  inability  to  perform  normal 
rementa  with  the  injured  limb.     Tlie  disturbances  of  function  usu- 

consist  of  a  loss  of  active  mo- 
,  while  passive  movements  are 
tible  to  some  extent.  The  lat- 
are  often  very  easily  carried 
in  a  certain  direction,  while  in 
ire  they  may  be  quite  impos- 
e. 

From  what  we  have  just  said, 
>llows  that  the  diagnosis  of  dis- 
tions.  especially  soon  after  the 
dent,  is  usually  not  difficult.  If 
swelling  dne  to  the  effusion  of 
kI  is  very  large,  it  can  l)e  re- 
ed in  size  by  gentle  massage, 
ubly  under  an  an  [esthetic.  Dis- 
.tious  are  most  likely  to  be  con- 
id  with  fractures  of  the  artieu- 
ends  of  the  bones.  The  latter 
!  be  suspected  if  the  dislocation, 

rather,  the  deformity,  is  easily  reduced  by  slight  traction  applied  to 
injured  limb,  but  returns  again  immediately  when  extension  is  dis- 
tinued.  Iri  dislocations,  on  the  other  hand,  B|>ecial  manteuvres  are 
BBsary  to  canse  a  disappearance  of  the  deformity,  and  when  reduc- 
I  has  once  taken  place  the  change  of  contour  does  not  again  recur 
utaneously.  In  fractures,  abnormal  mobility  and  crepitus  are 
ally  present,  while  in  dislocjitioiiB  there  is  an  abnormal  fixation  of 

limb,  and  certain  movements  are  quite  impossible.     A  kind  of 
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crepitus  is  also  sometimeB  met  with  in  dielocatioos,  Itnt  it  m  softer 
than  bone  crepitus,  and  is  dne  to  blood  coagals  and  to  the  tearing 
of  the  ligaments  of  the  capeale  or  of  the  tendons. 

CompUoatiou  (tf  Didooatloiu. — The  most  important  comphcations  of 

dislocations  are  :  (1)  Extensive  iujar;  to  the  akin  and  enbcntaneouB  Eoft 

parts  over  the  joint ;  (2)  fractnre  occurring  simultaneonely  with  thedi*- 

location ;  (3)  rupture  of  large  vessels  and  ncrva; 

(4)  injury  to  internal  organs. 

Division  of  the  skin  and  subcataneouB  soft 
parte  with  exposure  of  the  head  of  the  dislo- 
cated hone  is  not  common ;  it  is  observed  most 
often  at  the  elbow,  in  the  fingers,  at  the  Iinee, 
and  at  the  ankle.  Snch  compound  dislocationt 
are  always  to  be  looked  upon  as  serions  injuries, 
especially  when  they  are  combined  at  the  same 
time  with  fracture.  The  sooner  a  compoaDd 
dislocation  is  subjected  to  antiseptic  treatment 
the  better  will  be  the  prospect  of  preventing  in- 
fection and  a  serious  suppurative  arthritis  isee 
§  123,  Wotinds  of  Joints). 

The  most  common  complication  of  a  (Iifl»- 
cation  is  a  fracture  occurring  at  the  same  time- 
The  fracture  may  either  involve  the  cortei,i 
portion  of  bone  being  torn  ofE  at  the  point  of 
attachment  of  some  ligament  or  tendon,  or  ibe 
fulcrum,  or  the  dislocated  bone  itself,  or  tbe 
non-dislocated  parallel  bone,  such  as  the  nlnii, 
which  may  be  broken  below  the  elbow  in  for- 
ward dislocations  of  the  head  of  the  radius.  Tk 
fractures  of  least  importance  are  those  of  tbe 
cortex  and  of  bony  prominences  like  the  talle^ 
osities  of  the  humerus  or  the  malleoli.  Frac- 
tures of  the  rim  of  the  acetabulum  at  the  hip,  and  of  the  glenoid  carilT 
at  the  shoulder,  are,  on  the  other  hand,  more  serions,  since  they  increase 
the  difficulty  of  i-eduction  or  favour  a  recurrence  of  the  dislocation. 
If  a  fracture  occurs  in  a  dislocated  bone,  the  dislocation  usually  takes 
place  first  and  then  the  fracture, 

Kupture  of  large  vessels  or  nerves  is  very  rare,  and  is  sometimes 
the  result  of  unskilful  rerluction  of  an  old  dislocation.  Stretching  and 
crushing  of  the  vessels  and  nerves  are,  however,  more  common.  Crush- 
ing of  the  vessels  occasionally  gives  rise  to  extensive  thrombosis  fol- 
lowed by  gangrene,  especially  if  the  dislocation  is  not  promptly  redncd. 


10. 4B0.— Dielwation  of  ihe 
hip  baokwuni 
ULmch). 
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Of  the  injuries  of  nerves,  those  of  the  circumflex,  with  paralysis  of  the 
deltoid  tniiacle,  are  the  most  fretjiieut. 

Of  the  injuries  of  iDtemal  organs,  I  should  mention  injury  of  the 
spinal  con]  in  dislocation  of  the  vertebrte,  of  the  bladder,  intestine, 
and  pelvic  oi^na  in  litxatio yem&ris  centralis — i.  e.,  dislocation  of  the 
femur  inwards  through  the  acetabulum,  also  compression  of  the  tra- 
chea and  cBSophaguB  in  dislocation  of  the  sternal  end  of  the  clavicle, 
etc.  Prochaska  saw  a  case  in  which  the  head  of  the  humerus  pene- 
trated the  thorax  between  the  second  and  third  ribs. 

Prognodt  of  Tramnatic  Sialooatioiu.— As  regards  Ihe  prognosis,  it  is 
iiiiportaut  for  us  to  consider  1 1)  whether  we  have  to  deal  with  a  simple  or  a 
compound  dislocation,  (2)  whether  compHcaLious  are  present,  and,  if  so,  their 
nature,  and  (3)  the  region  of  the  body  aud  the  particular  joint  where  the  dis- 
location has  occurred.  We  usually  expect  perfect  recovery  to  take  place 
in  the  case  of  simple  uncomplicated  dislocations  which  have  been  success- 
fully reduced.  Should  the  dislocation  Jiot  be  reduced,  a  new  joint  or  ne- 
arthrosis is  formed,  as  we  saw  above,  in  the  abnormal  situation  occupied  by 
the  articular  end  of  the  dislocated  bone,  particularly  if  the  dislocation  were 
one  of  the  shoulder  or  hip.  Occasionally  a  dislocation  will  recur  from  even 
a  very  slight  amount  of  violence,  and  particularly  if  extensive  movements 
are  made  with  the  joint  at  too  early  a  period. 

We  sometimes  meet  with  individuals  who  in  this  way  suffer  from  very 
frequent  recurrences  of  the  same  dislocation,  especially  that  of  the  shoulder, 
jaw,  or  the  hip,  and  there  are  people  who  have  dislocated  their  shoulder 
or  jaw  more  than  fifty  or  one  hundred  times.  These  "  habitual  dislocations," 
as  they  are  called,  have  many  different  causes,  but  they  are  usually  due  to  a 
lax  condition  of  the  capsule  and  its  accessory  ligaments,  which  have  become 
stretche<l  and  torn  to  such  an  extent  that  the  cavity  of  the  joint  is  enlarged, 
and  a  dislocation  can  take  place  without  the  occurrence  of  any  fresh  tear. 

Treatment  of  Traumatic  Dialooationa. — The  treatment  of  recent  nn- 
complicated  difilocatioiis  consists  in  bringing  the  displaced  articular  end 
of  llie  hone  back  into  its  socket  by  special  niethode  of  reposition, 
and  then  immobilising  the  joint  until  the  rent  in  the  capsnlc  ^laa 
healed.  The  reposition  was  at  one  time  carried  out  in  a  very  forcible 
and  rough  way,  and  not  infretjuently  with  the  aid  of  mechanical  con- 
trivances, pulleys,  etc.;  so  that  sometimes  disastrous  consequences — 
sHch  as  severe  injuries  to  the  skin,  vessels,  nerves,  and  muscles,  or 
fractures— followed,  and  in  some  instances  even  entire  extremities  were 
torn  away.  At  present  we  have  in  general  antesthesia  an  excellent 
means  of  rendering  the  reduction  of  dislocations  easy  and  painless.  An 
attempt  should  flrst  Iw  made  to  reduce  a  recent  dislocation  without  an 
antesthetic,  and  if  this  is  found  to  be  impossible  chloroform  should  be 
administered,  but  with  great  caution,  hecanse  a  collapse  resulting  in 
death  may  easily  take  place,  especially  in  habitual  drinkers,  who  are 
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much  excited  by  the  accident.  The  sooner  after  the  accident  reduction 
is  performed  the  more  easily  it  is  accomplished.  The  movements 
employed  for  reducing  a  dislocation  must  be  carried  out  according  to 
certain  rules,  which  vary  with  the  nature  of  the  case,  and  in  making 
them  one  should  always  take  into  consideration  the  shape  of  the  joint 
and  the  nature  and  location  of  the  rent  in  the  capsule.  ImpedimnU 
to  the  reduction  of  recent  dislocations  are  furnished  by  active  coDtrac- 
tion  of  the  muscles,  by  the  narrowness  or  unfavourable  location  of  the 
rent  in  the  capsule,  by  portions  of  capsule  which  still  remain  intact 
though  stretched  and  abnormally  situated,  and  by  interposition  of  por- 
tions of  the  capsule,  tendons,  muscles,  and  fragments  of  bone.  Active 
contraction  of  the  muscles  and  the  elastic  tension  of  the  soft  parts  are 
overcome  by  chloroform  ansesthesia.  It  is  evident  that  the  movements 
made  in  accomplishing  reduction  must  diflEer  very  greatly  according  to 
the  nature  of  the  case  and  the  site  of  the  dislocation ;  that  sometimes 
rotation,  sometimes  flexion  or  extension,  and  sometimes  abduction  or 
adduction  must  be  performed ;  and  Kronlein  is  right  in  saying  that  it 
is  not  so  much  the  etiology  of  a  dislocation  as  it  is  its  anatomy  wliich 
determines  our  method  of  treatment.  By  means  of  the  movements  or 
manipulations  aimed  at  reduction  the  head  of  the  dislocated  l)one  iB 
brought  opposite  the  rent  in  the  capsule  or  the  socket,  and  then,  with 
a  snapping  sound  or  perceptible  jolt,  caused  to  enter  the  cavity  of  the 
joint.  As  a  rule,  it  is  well  to  combine  with  the  above-mentioned 
manipulations  a  direct  pressure  upon  the  articular  end  of  the  dislocated 
bone.  For  the  methods  of  reducing  the  various  dislocations  of  the 
different  joints  I  must  refer  the  reader  to  the  Regional  Surgery.  The 
restoration  of  the  normal  contour  and  functions  of  the  joint  will  sLow 
at  once  that  the  reduction  of  the  dislocation  has  been  successful. 

The  after-treatment  consists  in  keeping  the  replaced  portions  of 
the  articulation  at  rest  by  means  of  light,  immobilising  dressings.  Id 
dislocations  of  the  shoulder,  for  example,  it  will  suffice  if  the  arm  is 
held  firmly  fixed  by  a  mitella  (see  Fig.  181),  which  is  secured  in  posi- 
tion by  a  few  turns  of  a  bandage  around  the  arm  and  thorax.  In  dis- 
locations of  the  hip  the  patient  should  be  kept  in  bed,  a  spica  cox* 
(see  Fig.  169)  applied  about  the  joint,  and  the  limb  immobiHsed  bv  a 
cloth  passed  around  the  leg  in  the  region  of  the  knee.  It  is  difficult 
to  keep  some  joints  reduced,  as  is  the  case  with  forward  dislocations  of 
the  head  of  the  radius  and  dislocations  of  the  acromio-clavicular  and 
sterno-clavicular  articulations.  In  such  instances  an  attempt  must  \^ 
made  to  hold  the  bone  in  place  by  dressings  which  exert  pressure,  bj 
pads,  or,  when  necessary,  by  the  use  of  nails  or  bone  sutures.  After 
the  lapse  of  some  eight,  ten,  or  fourteen  days— depending  upon  the 
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nature  of  the  ease — passive  tnotiuu  of  the  dislocated  joint  dionld  be 
begun  in  order  to  prevent  subsequent  stilfness.  Extreme  inoveaients 
of  the  Joint  should,  however,  not  be  attempted  during  the  next  few 
weeks,  because  the  healing  of  the  lacerations  in  tlie  capsule  and  liga- 
ments may  be  interfered  with,  or  the  cicatrices  of  these  etmctures 
may  be  so  stretched  that  the  dislocation  easily  recurs,  or  even  be- 
comes habitual. 

The  treatment  of  habitual  dislocations,  as  a  rule,  is  very  difficult, 
particularly  in  marked  cases.  Long-continued  rest  of  the  joint  in 
one  position  is  usually  unsuccessful,  Ijecause  the  injured  person  has 
not  the  required  patience.  Very  often  nothing  remains  but  to  restrict 
the  movements  of  the  joint  by  means  of  a  suitable  Imndage.  In  bad 
cases  it  may  be  well  to  expose  the  joint  under  antiseptic  precautions, 
and  either  suture  the  rent  in  the  capsule  or  resect  the  head  of  the 
bone.  Genzmer  successfully  treated  twocases  of  habitual  dislocation — 
one  of  the  shoulder  and  the  other  of  the  jaw — by  the  enlicutaneuus 
injection  of  pure  tincture  of  iodine  (0,5  to  0.75  cubic  centimetres  tinct. 
iodi.  injected  by  a  hypodermic  syringe  at  intervals  of  three  to  four 
days,  until  six  to  eight  injections  have  been  made).  Suticutaneous 
injections  of  absolute  alcohol  might  also  be  tried. 

In  fresh  dislocations  which  are  irreducible  an  aseptic  artbrotomy 
shouht  be  performed — i.  e.,  the  site  of  the  dislocation  should  be 
exposed  by  an  incision  and  the  he<Kl  of  the  Ijone  then  brought  Iwck 
into  place,  or  resected  if  reduction  is  otherwise  impossible,  But  recem 
simple  dislocations  seldom  require  operative  interference,  since  reduC' 
tion  can  generally  be  accomplished,  especially  if  chloroform  is  used. 

One  should  first  try  to  reduce  even  old  dislocations  by  the  usua 
method,  though  they  may  have  existed  for  weeks,  montlis,  or  years 
luxations  of  the  shoulder  and  also  of  the  liip  have  thus  l>eeii  success- 
fully brought  back  into  place  two  years  after  the  accident.  The  possi' 
bility  of  reduction  in  these  cases  depends  mainly  upon  the  extent  of 
the  injuries  which  the  soft  parts  have  suffered,  upon  the  greater  or  leas 
degree  of  fixation  of  the  dislocated  articular  end  of  the  bone  in  its  new 
position,  and,  finally,  upon  whether  the  joint  cavity  is  much  diminished 
in  size  or  quite  obliterated.  After  thoroughly  anaesthetising  the  pa- 
tient with  chloroform,  the  same  manipulations  are  employed  for  the 
reduction  of  old  dislocations  as  for  those  which  are  recent,  the  articular 
end  of  the  bone  lieing  first  freed  by  rotatory  movements.  The  manipu- 
lations aimed  at  reduction  should  lie  made  with  great  cai-e  so  as  not  to 
injure  the  bones  or  soft  parts.  The  mechanical  contrivances  once  so 
extensively  used,  such  as  pulleys,  windlasses,  etc.,  have  become  obsolete 
and  have  only  a  historic  interest.     Even  thotigh  the  reduction  ia  sue- 
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cessf ully  accomplished  a  good  result  is  not  always  assured,  as  tlie  joint 
often  remains  stifE  in  spite  of  massage,  electricity,  and  active  and  pas- 
sive motion.  If  reduction  is  impossible,  the  dislocation  should  be 
exposed  by  an  incision — i.  e.,  arthrotomy  should  be  performed  and  die 
head  of  the  bone  returned  to  its  normal  position,  especially  in  thoge 
cases  in  which  the  limb  has  become  useless  owing  to  malposition,  or  in 
which  the  dislocated  articular  end  of  the  bone  causes  pain  and  paralysig 
by  pressing  upon  the  nerves.  In  such  instances  resection  of  tlie  articu- 
lar end  of  the  bone  will  often  be  necessary  as  a  preliminary  step  in  per- 
forming reduction.  At  the  hip  the  position  of  the  limb  is  sometimes 
best  corrected  by  osteoclasis  or  subtrochanteric  osteotomy.  In  odier 
cases  of  old  irreducible  dislocations  one  may  try  to  make  as  good  a 
nearthrosis  as  possible  by  means  of  massage,  passive  motion,  electricity, 
and  warm  baths. 

Dislocations  in  which  the  joint  is  opened  are  treated  by  the  same 
rules  that  apply  to  wounds  of  joints  (see  page  723).  Under  these  cir- 
cumstances, also,  reduction  should  be  performed  as  promptly  as  possible, 
taking  every  antiseptic  precaution  and  providing  for  drainage  of  die 
joint.  According  to  Drewitz,  reduction  without  resection  of  the  head 
of  the  bone  gave,  even  in  preantiseptic  times,  movable  joints  in  forty 
per  cent,  of  the  cases.  If  difficulties  are  met  with  in  performing 
reduction  the  knife  should  be  made  use  of,  and  when  reduction  has 
been  accomplished  the  joint  should  be  carefully  drained  and  immo- 
bilised. If  the  soft  parts  have  been  very  much  injured  permanent 
irrigation  should  be  employed.  Resection  of  the  head  of  the  dislocated 
bone  is  indicated  in  cases  complicated  by  comminuted  fractures,  exten- 
sive injury  to  the  soft  parts,  suppuration  within  the  joint,  or  where 
reduction  is  impossible  by  other  means.  If  Sepsis  has  already  made  its 
appearance  prompt  amputation  or  disarticulation  may  be  necessarv. 

If  both  dislocation  and  fracture  occur  together,  it  should  be  our 
first  aim  to  reduce  the  dislocation  when  this  is  possible,  using,  for 
example,  direct  pressure  upon  the  articular  fragment  in  the  case  of 
dislocation  and  fracture  of  the  humerus  at  the  shoulder  joint.  In 
other  instances  reduction  of  the  dislocation  may  be  impossible,  and  the 
fracture  must  first  be  allowed  to  heal  before  the  dislocation  is  attended 
to.  In  suitable  cases  operative  measures  must  be  undertaken — ^i.  e.,  tlie 
seat  of  injury  should  be  exposed,  and  whatever  measures  the  condition 
calls  for  adopted.  The  prognosis  of  all  dislocations  which  are  compli- 
cated by  fracture  should  be  looked  upon  as  doubtful  as  regards  restora- 
tion of  the  normal  mobility  of  the  joint. 

The  other  complications,  such  as  injuries  to  vessels  and  nerves,  are 
to  be  treated  in  the  usual  way  (see  §  88). 
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Dislocation  of  the  soipilunar  cartilag^es  of  the  kuee  rarelj' twicurs  iiide- 
pendeiilly  of  other  changes  in  th«  joint.  Habitual  dislocation  of  tliese  ear- 
Lilagres  has  been  observed,  the  most  comoaoii  variety  bein^r  b  displacement  of 
the  inner  cartilage  forwards,  due  to  forced  flexion  of  the  knee-joint  eombined 
with  outward  rotation  of  the  foot,  or,  mther.  leg.  The  displaced  cartilage  can 
be  felt  on  the  anterior  border  of  the  joiut,  the  knee  is  somewhat  flexed,  and 
complete  exten.sion  is  impossible. 

For  a  description  of  d  islocations  of  tendons  and  nerves  see  page^  525,  526. 

II.  Pathol(^ical   or   Spontaneous  Dialocatioiu   are  observed  in  tbe 

course  uf  diaeases  of  joints  eithur  as  a  result  of  an  abnormal  stretch- 
ing ur  lax  condition  of  the  cajisule  and  ligainenta,  or  of  cliaoges  in  the 
articular  ends  uf  the  bone  sneh  aa  those  caused  by  arthritis  deformans 
or  caries.  Under  such  circumstances  either  an  incomplete  or  a  com- 
plete dislocation  takes  place,  coming  on  gradually  and  brought  about 
by  the  weight  of  tbe  lirab,  or  suddenly  from  some  slight  traumatiem, 
muscular  action,  etc. 

We  distinguish :  1.  Distentiim  Ditf/Matiwis,  due  to  a  stretching  or 
lax  condition  of  tbe  capsule  and  ligaments  of  the  joint  caused  by  a 
serous,  sero-fibrinous,  or  more  rarely  suppurative  efEusion.  Complete 
and  incomplete  dislocations  of  this  kind  are  especially  common  in  the 
course  of  metastatic  inflammations  of  joints  with  large  collections  of 
fluid,  such  as  occur  in  typhoid  fever,  small-pox,  measles,  scarlet  fever, 
diphtheria,  puerperal  fever,  and  pyemia.  The  capsule  and  ligaments 
of  a  joint — the  shoulder,  for  example — may  also  liecome  stretched  in 
cases  of  muscular  atrophy  and  paralysis.  Under  these  conditions  the 
muscles  are  not  capable  of  supjwrtiiig  the  extremity,  and  thus  allow 
displacements  of  the  joint  surfaces  to  take  place  either  gradually  or 
suddenly.  The  voluntary  dislocations  mentioned  on  page  "41  are  like- 
wise looked  upon  by  some  authors  as  distention  dislocations. 

Quite  recently  Verneuil  has  called  attention  to  dislocations  which  occur 
during  acute  articular  rheumatism  and  run  a  course  exactly  like  that  of 
traumatic  dislocations.  In  all  cases  the  luxations  took  place  suddenly  and 
spontaneously,  and  could  be  reduced  very  easily  under  an  auaistlietic.  In 
other  cases  when  the  dislocation  could  not  be  reduced,  resectiou— of  the  hip, 
for  example — had  to  be  performed.  Verneuil  thinks  that  these  dislocations 
are  cbusihI  by  muscular  action  and  a  lax  condition  of  the  ligaments. 

2.  Desirucfiim  Ditlocatiims. — The  most  common  form  of  patho- 
logical dislocation  is  due  to  a  carious  destruction  of  the  joint  surfaces 
combined  with  corresponding  changes  in  the  capsule  and  ligaments. 
In  this  category  belong  the  so-called  "  wandering  of  the  acetabulum  " 
in  coxitis  (page  "el.  Fig.  44H  and  the  spondylolisthesis — i.  e.,  tbe 
slipping  down  of  the  last  lumbar  vertebra  into  the  pelvis  in  cases  of 
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Fio.  461,— rnni;t'nilBl  ill^locuion  of  the  Utl  hip  in  ■ 
Mi-monlii-.-oia  Hirl;  u,  remBion  of  the  CBi*ule 
which  liHi>  liwn  diniecled  »wBj- ;  J,  undevelofn-d 


tubercular  destruction  of  the  corresponding  intervertebral  ligamenW 
(eee  |  114). 

3.  D-'formity  Disloc<iiiona,  which  are  the  result  of  changes  in  the 
Bhape  of  the  bonj  parts  of  the  joint  due  to  an  atrophy  of  bone  without 
suppnratioQ  and  witliout  ibe 
production  of  grannktions. 
They  most  commonly  occur 
in  connection  with  arthritis 
deformans  (see  page  6^l3, 
Fig.  447). 

For  the  coarse,  diagnoeis, 
and  treatment  of  pathulo^ncal 
dislocations  see  ^  113,  ^  114, 
§  119  (InflammatioDs  and  IV 
formities  of  Joints),  and  the 
above  description  of  tTannut- 
ie  dislocations. 

III.  Con^nital  Oiilixi- 
tioDt.  —  Congenital  disloca- 
tions are  mainly  the  resaltof 
anomalous  or  arrested  fcetal  development.  They  are  most  common  st 
the  hip  (Fig.  461),  being  very  rarely  fonnd  in  the  rest  of  the  jointi, 
and  are  occasionally  combined  with  other  anomalies  of  development, 
snch  as  club-foot,  spina  bifida,  and  exstrophy  of  the  bladder.  Thee 
congenital  dislocations,  which  take  place  in  utero,  should  not  be  ««■ 
fused  with  the  traumatic  ones  which  take  place  during  dclivmaiil 
are  due  to  extraction  of  the  child.  This  latter  form  of  dislocation  Ls 
however,  extremely  rare,  fractures,  especially  at  the  epiphysis,  on 
account  of  the  tatter's  slight  power  of  resistance,  being  much  more 
common.  But  it  is  probable  that  in  some  cases  extraction  of  the  fcetof 
causes  a  stretching  of  the  capsule,  thus  furnishing  a  predisposition  to 
dislocation  which  subsequently  becomes  more  marked  as  the  joint  is 
used  in  walking. 

InvMtigatloiia  relating  to  the  Pathology  and  Etiolo^  of  Cangtnitil 
Sialocationa. — These  investigations  have  to  do  almost  exclusively  wilh  con- 
genital dislocations  of  the  hip.  1  liave  had  opportunities  of  examining  <li^ 
locations  of  this  kind  in  female  children  at  the  autopsy  CFig.  461 1.  I  ht" 
usually  found  the  acetabulum  abnormally  flat  and  the  head  of  the  hone 
lying  at  its  upper  and  posterior  border.  The  neck  of  the  femur  usuall.'' 
forms  an  obtuse  anfirle  with  the  shaft.  The  capsule  of  the  joint  is  geiienll' 
nurnially  formed.  In  one  case  t  found  in  a  female  child  six  months  of  ^ 
tljat  the  ligamentum  tores  was  so  much  thickened  and  lengthened  thai  ^^ 
bead  of  the  femur,  which  was  situated  near  the  anterior  superior  spine,  <l" 
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1  the  shallow  acetabulum.     The  pelvi 


not  have  sufficient  p 
over,  asymnietriea]. 

Coogenital  dislocation  of  the  hip  is  usually  one-siiled  ;  out  of  198  casea, 
Hoffa  found  that  134  were  one-sided.  At  Ihe  outset  the  heail  of  the  femur 
is  in  the  vicinity  of  the  upper  and  posterior  edge  of  the  acetabulum,  and  is 
later  pushed  upward  and  backwards  on  to  the  ilium.  Lordosis  of  the  verte- 
bral column  is  present,  especially  in  bilateral  dislocations,  and  the  patients 
have  a  very  characteristic  gait,  like  that  of  a  duck. 

The  main  cause  of  congenital  dislocation  of  the  Lip  is  probably  to  be 
found  in  an  imperfect  development  of  the  acetabulum  or  the  cfltyloij  liga- 
ment, and  its  occurrence  is  favoured  by  extreme  flexion  and  adduction  of 
the  thighs  of  the  fcetus  (Fig.  4(i2.  Dupuytren,  Koser). "  A  very  small  uterus, 
which  exerts  abnormal  pressure  upon  the  fcetus,  thus  causing  the  latter  to 
assume  a  cramped  position,  may  possibly  have  a  deleterious  influence  ui>on 
the  development  of  the  hip-joint.  The  obtuse  angle  which  the  neck  of  the 
femur  makes  with  the  shaft  (Fig.  4IS1)  should  also  be  noted,  as  this  is  proh- 


raay  sometimes 


ably  not  always  a  secondary  condition,  but 
develop  primarily  from  the  above-mentioned  cramped 
position  of  the  foetus  brought  about  by  a  uterus  which  is 
deficient  in  size.  Owing  to  the  obtuse  aJigie  which  the 
neck  of  the  femur  forms  with  the  shaft  (Fig.  461),  the 
head,  as  it  were,  grows  past  the  acetabulum  instead  of 
into  it.  Other  cases  of  congenital  dislocation  are  probably 
the  result  of  an  abnormally  long  aJid  thick  ligamenlum 
teres,  which,  as  in  the  case  I  examined,  does  not  give  the 
head  sufficient  room  in  the  acetabulum.  In  older  cliil- 
dren  the  ligamentum  teres  is  usually  absent.  In  conse- 
quence of  the  abnormal  position  of  the  head  of  the  bone 
the  muscles  are  mostly  shortenetl,  and  the  direction  of 
their  action  is  altered.  Another  important  fact,  from  an 
etiological  point  of  view,  is  that  congenital  dislocations  of 
the  hip  are  much  more  common  in  females  than  in  males, 
87.6  per  cent,  of  all  cases  occurring  in  the  former  sex. 

From  careful  examinations  which  I  have  made  of 
the  frptal  pelvis,  I  believe  that  this  latter  fact  can  be  ex- 
plained by  the  comparatively  vertical  position  of  the  ilium 
in  females,  which,  in  conjunction  with  the  abnormal  angle 
formed  by  the  net-k  of  the  femur  with  the  shaft,  readily 
allows  the  head  lo  leave  the  ahailow  acetabulum  and  glide  Kt>M.-r,, 
up  on  to  the  ilium. 

It  follows  froin  what  has  been  said  that  the  congenital  dislocations 
the  hip  are  undoubte<lly  to  be  ascribed  to  anomalies  in  the  development 
the  fietUB  due  to  various  causes. 

The  rare  cases  of  congeTiital  dislocations  of  other  joiDts  of  the  body 
are  probably  also  cine  to  anomalies  of  fcptal  development.  Couj^nitsl 
snl>coracoi(l.  Rubacroitiial,  and  infraspinoiis  dislocations  of  the  shoulder 
have  l>een  reported,  as  well  as  congenital  dislocations  of  the  elbow, 
wrist,  knee,  and  ankle.     At  the  ellww,  congenital  dislocation  of  the 
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head  of  the  radios — backwards,  outwards,  forwards,  or  iDwarde-U  tlie 
moat  common. 

T}ie  symptoms,  diagnosis,  and  treatment  of  congenital  dislocatioiit 
of  the  diSerent  joints  are  taken  np  at  length  in  the  Begiooal  Sargerr, 
and  I  will  oulj  briefly  state  here  that  the  prognosis  is  osaally  unfaronr- 
able.  Still,  the  treatment  of  congenital  dislocations  of  the  hip  bas 
recently  made  marked  progress,  owing  to  the  labours  of  Hoffa,  Loreui, 
and  Mikulicz.  (For  further  particulars  see  Begional  Surgery.)  A^itb 
the  aid  of  the  X-rays  it  is  poseible 
to  determine  the  results  of  the  dif- 
ferent methods  of  treatment 

§  123.  Wonadj  of  JoiiiU- 
Woimds  of  Joints  consist  of  punc- 
tured, incised,aDd  contused  wooDdt, 
and  wounds  which  are  complicated 
with  fracture,  including  ganEbol 
wounds  (see  §  124).  Any  wonnd 
which  opens  a  joint — a  so-ealled 
penetrating  wound — even  Iboofdi 
extremely  small,  should  be  looked 
upon  as  a  very  serious  injury,  hdm 
it  may  more  or  leas  completely  de- 
stroy the  function  of  the  joint,  and 
even  imperil  the  life  of  the  patient. 
The  escape  of  synovial  fluid  is  i 
Bjmpt&m  which  indicates  beTond 
a  doubt  that  the  joint  has  been 
opened.  The  prognosis  of  pene- 
trating wounds  of  joints  is,  bow- 
ever,  much  more  favourable  thu 
it  was  before  the  introduction  of 
the  antiseptic  method  of  treating 
wonnds,  and  we  now  have  no  fear 
of  opening  a  joint  asepticaliy  willi 
the  knife  or  trocar.  But  the  conditions  are  entirely  different  in  the  case 
of  accidental  wounds  made  with  an  unsterilised  instrument,  or  of  frnn- 
shot  wounds  into  which  dirty  pieces  of  clothing  have  perhaps  entered. 
Under  such  eircuinetances  germs  of  infection  can  readily  make  tbeir 
way  into  the  joint,  and  with  great  rapidity  canse  violent  inflammation. 
The  course  of  a  penetrating  wonnd  of  a  joint  depends  verv  lar^lj 
upon  whether  or  not  germs  of  infection  have  gained  access  to  the  join' 
at  the  time  of  the  accident,  or  afterwards.  , 
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We  shall  first  diBcuse  the  ca^s  in  which  everything  is  mo&t  favour- 
ahle — i.  e.,  in  which  do  iufectioii  of  the  wouniJ,  u  punctured  one,  for 
example,  haa  taken  place.  Tlie  oourae  of  such  a  wound  will  then  he 
aa  follows:  The  synov-ia  makes  its  appearance  at  the  time  of  the  acci- 
dent, but  soon  ceases  to  flow  out,  and  the  wound  becomes  agglutinated 
and  heals  up  without  causing  any  inflammation  or  disturbance  of  func- 
tion in  the  joint.  In  other  cases  a  mild  infiammation  occurs,  taking 
the  form  of  a  serous  or  sero- fibrinous  synovitis. 

The  course  of  an  infected  wound  of  a  joint  is  quite  different.  In- 
fection may  take  place  at  the  time  of  the  accident  or  later,  and  is 
then  dne  to  improper  treatment  or  dirty  probes,  or  to  the  fact  that 
the  patient  pays  no  attention  to  the  wound,  and  walks  about,  thus,  by 
his  movement  of  the  parts,  permitting  air  and  infectious  germs  to 
have  free  access  to  the  joint.  lu  some  cases  the  wound  has  already 
united,  and  then  on  the  third  to  the  fifth  day  manifestations  of  inflam- 
mation suddenly  make  their  appearance,  and  rapidly  increase  in  sever- 
ity. The  joint  is  swollen,  tense,  and  very  painful,  the  skin  is  red  and 
feels  hot,  and  there  is  high  fever.  If  the  agglutinated  borders  of  the 
wound  are  separated  by  a  probe,  or  if  the  sutures  are  removed,  pus 
immediately  makes  its  appearance.  Other  cases,  especially  those  in 
which  there  is  a  large  effusion  of  blootl,  run  a  more  acute  course,  and 
the  local  and  general  symptoms  of  suppuration  in  the  joint  come  on 
within  twenty-four  hours  after  the  injury.  These  are  the  most  no- 
favourable  ones,  and  unless  the  infected  contents  are  promptly  removed 
by  freely  opening  up  the  joint,  followed  by  drainage  and  antiseptic  irri- 
gation, or,  if  necessary,  by  resection,  acute  gangrene  of  the  joint  may 
rapidly  follow,  with,  perhajis,  general  sepsis. 

In  another  group  of  ca^es  the  course  is  more  sniiacute,  and  though 
the  exudate  within  the  joint  is  very  large  it  is  not  noticeably  suppn- 
rative  in  character,  lint  looks  like  cloudy  synovia  mixed  with  flakes 
containini;  pus-cells  (see  §  113). 

The  flnal  outcome  of  an  infected  wound  of  a  joint  varies,  tliough 
if  it  receives  antiseptic  treatment  early  enough  recovery  is  assured. 
In  some  cases,  after  a  longer  or  shorter  time,  the  suppurative  inflam- 
mation gradually  gets  well  spontaneously  without  any  particular  anti- 
septic treatment,  but  in  others  which  are  not  properly  attended  to  the 
suppuration  becomes  progressive,  breaks  through  the  capsule  of  the 
joint,  and  gives  rise  to  suppuration  in  the  neighl)ourhood,  while  the 
inflammation  in  the  joint  itself  apparently  diminishes  in  intensity. 
Such  Buppuratiie  processes  not  infrerjueiitly  run  a  very  tedious  course, 
gradually  going  on  to  pyicmia.  to  which  or  to  extreme  exhaustion  the 
Ltient  succumbs.     The  worst  caeee  are  those  in  which  death  occurs 
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from  acute  septicoemia  within  a  few  days.  These  septic  or  gangrenous 
inflammations  of  joints  may  be  caused  by  a  very  slight  injury,  such  as 
puncture  of  the  joint  with  a  sewing  needle,  and  they  may  run  eucli  a 
rapid  course  that  even  on  the  fourth  or  lifth  day  death  from  septi- 
ceemia  cannot  be  prevented  even  by  amputation  or  disarticulation.  We 
have  alrea<lv  described  the  course  and  outcome  of  the  different  vane- 
ties  of  acute  inflammations  of  joints  in  the  chapters  devoted  to  Joint 
Inflammations. 

The  Repair  of  Woundi  in  Cartilage.— Gies  has  made  experimeuts  on 
young  dogs  with  reference  to  the  repair  of  wounds  made  in  cartilage  and  has 
come  to  the  conclusion  that  clean  aseptic  wounds  in  this  tissue  never  heal. 
but  remain  permanently  unchanged,  while  wounds  which  are  made  in  the 
presence  of  micro-organisms  heal  up  so  completely  as  not  to  leave  any  or 
scarcely  any  traces  behind  them. 

The  esca]>e  of  synovial  fluid  in  all  recent  cases  which  come  under 
observation  immediately  after  the  reception  of  the  injury  has,  a^  we 
remarked  before,  a  very  important  bearing  upon  the  diagnosis  of  pene- 
trating wounds  of  a  joint.  In  some  instances  in  which  the  joint  is 
laid  wide  open  the  exposed  articular  cartilages  may  be  recognised  at 
the  first  glance.  But  not  infrequently  the  puncture  or  other  wound  u 
already  closed,  so  that  it  is  doubtful  whether  the  joint  has  been  opened 
or  not,  and  under  these  circumstances  we  must  quietly  wait  for  fur- 
ther developments.  A  warning  should  be  given  here  against  probing 
wounds  too  freely  in  the  neighbourhood  of  a  joint. 

Treatment  of  Wounds  of  Joints. — Every  wound  of  a  joint,  even  the 
most  trivial,  should  be  treated  with  the  greatest  care.  We  shall  not 
discuss  the  treatment  of  gunshot  wounds  of  joints,  as  they  vN-ili  be 
taken  up  later  in  §  124. 

Absolutely  fresh  cases  without  much  effusion  into  the  joint,  and 
without  apparent  infection,  are  treated  by  disinfection  of  the  wound 
and  its  neighbourhood.  I  do  not,  as  a  rule,  suture  such  woiimls  l>nt 
merely  du8t  them  with  iodoform,  cover  them  with  iodoform  or  hichlo- 
ride  gauze  which  has  been  moistened  in  a  I -to- 1,000  solution  of  bichlo- 
ride of  mercury,  and  over  this  place  sterilised  cotton.  Large  wound? 
should  be  packed  with  iodoform  or  sterilised  gauze.  The  anti>epric 
occlusive  dressing  should  be  as  large  as  possil)le,  and  the  joint  inurstl* 
carefully  immobilised  by  splints.  The  time  for  changing  the  drej^riinp 
depends  upon  the  subsequent  course  of  the  injury,  and  very  often  arfp 
tic  healing  takes  place  without  changing  the  dressing  at  all.  But  shoald 
fever  make  its  appearance  and  the  patient  complain  of  pain,  the  d^e^*• 
inuj  must  be  changed  immediately.  If,  upon  taking  off  the  dressing',  if 
is  evident  that  the  joint  has  become  infected  and  that  an  acute  suppu- 
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rative  inflammation  has  developed,  thorough  disinfection  and  drainage 
of  the  joint  must  be  begun  at  once.  The  joint  should  be  freely  opened, 
all  pockets  within  it  disinfected  with  a  l-to-1,000  bichloride  sohition, 
and  any  blood-coagula  that  may  be  present  carefully  removed.  Short 
and  thick  drainage  tubes — preferably  of  glass — nmst  be  inserted  in 
those  places  where  they  can  most  effectually  help  to  carry  off  the  dis- 
charges. In  suitable  cases  the  wound  is  packed  with  iodoform  gauze 
or  sterilised  mull,  and  it  is  also  of  the  greatest  importance  to  secure 
immobilisation  of  the  joint.  The  dressings  must  be  changed  often, 
depending  upon  the  height  of  the  temperature.  Not  infrequently  one 
has  the  pleasure  of  seeing  that  this  treatment  is  followed  by  excellent 
results,  that  the  inflammation  of  the  joint  is  averted,  and  that,  even  in 
cases  where  one  could  hardly  have  expected  it,  perfect  mobility  of  the 
joint  is  regained  despite  the  fact  that  suppurative  arthritis  has  occurred. 

If,  in  spite  of  disinfection  and  drainage  of  the  joint,  severe  consti- 
tutional symptoms  make  their  appearance,  or  if  the  suppuration  that  is 
present  is  very  extensive,  so  that  drainage  of  the  joint  presents  great 
difficulties,  resection  is  then  indicated ;  or,  if  general  systemic  infec- 
tion threatens,  the  focus  of  infection  must  be  removed  by  amputation 
or  disarticulation. 

H  the  patient  comes  under  treatment  after  suppuration  has  already 
begun,  antiseptic  incision  and  drainage,  or  packing  of  the  joint  with  or 
without  resection,  or  even  amputation  are  indicated,  depending  upon 
the  amount  of  suppuration  and  the  length  of  time  the  disease  has  lasted. 
In  opening  up  infecteil  cases  of  this  kind  one  should  not  be  afraid  of 
making  too  many  incisions  into  the  different  parts  of  the  jouit.  Con- 
tinuous antiseptic  irrigation  will  often  be  found  a  most  excellent  aid  in 
the  subsequent  treatment  (see  page  181).  Any  complications  that  may 
be  encountered — fractures,  for  instance — are  to  be  treated  in  the  usual 
way.     (See  page  622,  Treatment  of  Compound  Fractures.) 

Appendix. 

Gunshot  wounds.     Military  practice. 

§  124.  Oonshot  Injuries. — In  connection  with  wounds  of  joints,  we 
shall  give  a  short  description  of  the  gunshot  wounds  which  have  already 
been  referred  to  several  times  in  speaking  of  injuries  to  the  different 
tissues.  We  must,  of  course,  contine  ourselves  here  merely  to  a  brief 
sketch,  and  whoever  cares  to  become  better  acquainted  with  this  ex- 
tremely interesting  subject  should  retid  the  excellent  works  of  Stro- 
meyer,  Pirogoff,  Langenbeck,  Billroth,  Esmarch,  etc.  The  literature 
of  gunshot  wounds  and  military  surgery  is  very  extensive.     (.)f  the 
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older  books,  I  should  speak  especially  of  the  memoirs  of  Larrey,  the 
famous  army  surgeon  of  Napoleon  I,  and,  among  English  work,  of 
The  Principles  of  Military  Surgery,  by  John  Hennen. 

Gunshot  wounds  are  essentially  contused  and  lacerated  wounds,  and 
are  most  commonly  caused  by  hand  firearms.  The  projectiles  of  the 
latter  (shot-guns,  revolvers,  pistols)  are  generally  cylindrical  or  shaped 
like  an  acorn,  and  are  usually  made  of  lead.  The  bullets  used  in  mod- 
ern weapons — i.  e.,  those  of  small  calibre  (eight  millimetres),  at  present 
employed  by  the  European  armies — are  long  and  cylindrical,  and  con- 
sist of  a  lead  core  encased  in  steel.  Owing  to  this  steel  covering  the 
bullets  are  very  resistant  and  retain  their  shape  when  they  strike  a 
bone  or  pass  through  the  body.  The  penetrating  power  of  these  bul- 
lets is,  as  we  shall  see,  very  extraordinary.  The  lead  bullets  become 
so  soft  from  friction  as  they  pass  through  the  barrel  of  the  gun  and 
the  air  that  they  change  their  shape  very  materially  and  break  up  into 
single  ])ieces,  so  that  an  explosive  effect  results.  When  they  strike 
bone,  for  example,  they  become  flattened  out,  split,  shattei^ed,  or  broken 
up  into  irregular,  pointed  fragments  of  lead.  In  the  case  of  shots  fired 
from  a  short  distance  the  bullet  is  heated  to  a  very  high  temperature, 
and,  as  we  shall  see,  it  is  under  these  circumstances  that  its  explosive 
action  is  most  likely  to  take  place. 

Bullets  cause  the  following  injuries:  1.  The  mildest  form  of  gun- 
shot injury  is  contusion  of  the  soft  parts,  with  extravasation  but  with- 
out a  wound.  These  contusions  of  the  skin  or  soft  parts  are  usually 
made  by  spent  balls  coming  from  a  great  distance.  In  rare  cases  suIh 
cutaneous  fractures  are  also  produced  in  this  manner.  Occasionallv 
the  contused,  undivided  skin  is  pressed  inwards  like  a  pouch,  thas 
causing,  when  the  bullet  strikes  upon  the  abdomen,  contusion  and 
laceration  of  internal  organs,  of  which  the  liver  may  be  one.  More- 
over, bullets  which  have  a  great  velocity  can  be  so  checked  by  striking 
a  watch,  purse,  pocketbook,  pieces  of  leather  on  the  uniform,  etc.,  that 
only  a  contusion  without  any  wound  results.  Bullets  of  small  calibre 
with  a  covering  of  nickel  or  steel  cannot  be  stopped  in  this  wav,  as 
they  have  an  extraordinary  penetrating  power. 

2.  Fumnved  wounds  are  caused  by  bullets  which  graze  the  surface 
of  the  l>ody  and  carry  with  them  a  portion  of  the  skin,  so  that  a  more 
or  less  deep  furrow  is  formed. 

3.  The  most  common  gunshot  injuries  are  tubulay*  wou?ids—i^- 
the  ]  >all  passes  through  the  skin  and  enters  the  soft  parts,  where  it 
either  remains  lodged  (so-called  blind  shot  canal)  or  comes  out  again 
at  another  part  of  the  body  ("  seton  shot "),  thus  making  an  openin? 
where  it  entered  and  one  where  it  emerged.     The  differentiation  oi 
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the  points  of  entrance  ami  exit  ie  of  importance  notably  from  a  niedifo- 
legal  point  of  view.  The  point  of  entrance  is  uBually  more  or  lees  in- 
dented, depending  upon  the  size  of  f  he  bullet,  and  is  coloured  bluish- 
black,  while  the  exit  opening  is  generally  smaller  and  looks  more 
like  a  tear.  These  points  of  difference  do  not,  however,  always  hold 
good,  an  the  opening  of  exit  is  sometimes  larger  than  that  of  entrance, 
particnlarly  when  a  bone  is  splintered  or  when  the  ball  changes  its 
shape  or  becomes  broken  into  pieces.  Occasionally  several  points  of 
exit  are  found,  especially  if  the  bullet  has  been  fired  at  short  range, 
as  this  produces  an  effect  like  an  explosion,  shattering  the  bone  into 
separate  splinters,  which  perforate  the  skin.  The  burning  of  the  integn- 
ment  is  often  very  extensive  when  the  revolver  or  pistol  has  been  dis- 
charged close  to  the  body,  aa  in  attempts  at  suicide,  and  then,  owing  to 
the  healing  into  the  tissues  of  small  particles  of  powder,  the  skin  often 
remains  of  a  greyish-black  colour  for  the  rest  of  life.  The  same  ie  true 
of  small  shot,  which,  when  tired  from  near  at  hand,  can  also  cause  very 
extensive  destruction  of  the  region  where  they  strike,  and  particularly 
severe  shock,  giving  rise  to  such  marked  symptoms  of  collapse  that  the 
patient  may  die  soon  after  the  injury.  Quite  recently  I  saw  a  bad  case 
of  collapse  occasioned  in  this  way,  in  a  hunter  who  was  struck  by  fifty- 
two  pieces  of  shot;  but  in  spite  of  having  sustained  wounds  of  hie 
lungs,  iwricardium,  and  intestine,  the  patient  recovered. 

The  direction  of  the  track  of  the  bullet  is  sometimes  very  peculiar, 
and  instances  are  reconled  where  it  encircled  the  thorax  close  to  the 
ribs  without  injuring  the  pleura  or  the  lungs.  The  entrance  into  a 
gunshot  wound  of  unclean  foreign  bodies,  such  as  bits  of  cloth,  leather, 
or  linen  from  the  clothing,  has  a  very  important  bearing  upon  the  sub- 
se<juent  conrse  of  the  injury,  as  substances  like  these  are  extremely  apt 
to  give  rise  to  infection  provided  the  micro-organifims  they  contain  are 
pathogenic  and  remain  capable  of  development. 

The  modern  artillery  projectiles,  such  as  grenades,  cannon  balls, 
ehells,  etc.,  often  give  rise  to  severe  injuries  similar  to  those  caused  by 
machinery  in  times  of  peace ;  entire  extremities  may  be  toni  from  the 
body,  and  death  can  be  instantaneous.  But  slight  wounds,  such  aa 
contusions  and  superficial  lacerated  wounds,  are  likewise  frequently 
caused  by  the  same  missiles. 

The  gunshot  injuries  of  bone  are,  as  a  Tn]e,  it)  com/ftinf/  cin- 
minvtei!  fractures.  The  number  of  fragments  is  sometimes  very  large, 
and,  in  addition,  there  are  many  fissures,  aa  illustrated  in  Figs.  390, 
394-396,  464.  The  splinters  of  hone  are  often  driven  into  the  soft 
parte  or  even  through  the  skin,  forming,  as  we  stated  before,  several 
exit   openings.     Not   infrequently  tLe    bone   is   crushed    to   a   pulp. 


lo.  4U. — GunxLot  iiuuTv  of  Uic  Kkull  < 
KuMiHli  ooldivr  klllLtl  III  tlie  hull 
I'k-vna  I.  V  ith  nunicniun  flwurcs  whld 
froui  one  u|ieiiiiig  i  a)  to  the  otlier  (i)  (] 
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There  are  also  found  in  bone  (2)  tubular  or  circular  ffuruhot  mitudi, 
with  or  without  splinters  or  fiesuree.  The  latter,  in  Fig.  464,  uoiie 
tlie  points  a  and  b  of  entrance  and  exit  of  the  miseile.  (3)  Sitlmk- 
jieous  fractures  caused  by  a  spent 
bail  have  already  been  spoken  of. 
The  mildest  form  of  iujun*  to 
bone  ie  (4)  coatuaion,  with  an  ei- 
trarasation  of  blood  into  tlie  peri- 
ostenm  and  bruising  of  the  bone 
Eubetance.  Sometimes  hoUowi  or 
depreeeions,  together  with  tisenres, 
are  formed  in  the  bone  agsin^ 
which  the  ballet  is  flattened  out, 
or  the  latter  is  found  impacted, 
being  in  eome  cases  split  in  ito 
and  seated  astride  of  the  broken 
edge  of  a  fragment. 

In  rare  instances  a  gansliot 
fracture  takes  place  not  directi; 
at  the  point  where  the  bnllet 
strikes  the  bone,  but  at  some  di^ 
tance  from  it,  and  either  exists  by  itself  or  is  combined  with  a  fracture 
at  the  point  where  the  bullet  struck  (i.acronique).  These  indirect  gun- 
shot fractures  may  result  from  a  bend,  a  twist,  or  concussion  of  tlie 
bone  in  question,  and  occasional]}'  by  a  union  of  several  of  the  tj^ure^ 
which  radiate  from  the  point  where  the  bone  has  been  struck  bj  tl* 
bullet. 

Gunshot  injuries  of  joints  are  in  the  main  complicated  wounds 
with  or  without  injury  of  bone.  The  most  severe  gunshot  injuries  of 
the  joints  are  those  with  splintering  of  the  articolar  ends  of  the  bone;. 

The  Effects  produced  by  Uodem  Pnyeotilei.- Bush,  Kocher.  aud  otkis 
have  made  surno  interesting  experiments  pertaining  to  the  action  oFpn>i^ 
tiles  CI  It)  St  rue  ted  of  lead  and  the  kind  of  damage  thej  cause  in  tlie  tiKUff: 
and  R«'f,i;r  lias  recently  studied  the  action  of  such  projectiles  upon  bone.  vA 
has  couie  to  some  practically  important  conclusions.  In  the  case  of  injuri» 
made  l>y  siift  lead  within  a  raiiffe  of  foiu'  hundred  nietrea.  an  effect  is)"'' 
duci'd  wliicli  is  like  an  explosion  ;  the  wound  is  funnel-shaped,  and  the  M' 
is  criislifil  to  fragments,  which  penetrate  the  soft  parts  posteriorly,  loatinF 
the  <>{n-iiiii^  wlnTe  the  projectile  emerges  ten  to  twenty  times  as  large «s it* 
openiii;.r  where  it  entered.  In  the  case  of  gunshot  wounds  made  at  a  W^ 
of  five  hundred  to  one  thousand  metres,  a  clean-cut,  penetrating  waupii  •* 
miule.  with  or  without  radiating  fissures.  If  the  projectile  traverses  llif '''°' 
gitudiiiul  axis  of  the  buue,  extensive  splintering  of  the  latter  msj  be  f^ 
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fdoced.  In  Ihe  oase  of  wounds  matle  at  a  rang*  of  one  tliousand  10  liflwii 
hundred  metres,  comminuted  fractures  with  considerable  shattering  of  hone 
not  infrequently  occur  in  spile  of  the  diminished  monientuni  of  the  projec- 
tile. At  long«r  ranges  there  is  a  sh'frht  splinteriug  or  contusion  of  the  hone. 
in  ivliicii  the  huth-l  will  oft.-n  In-  fniind  itnpaeted. 

The   Action   of  Frojectiles   of  Sniall   Calibre   (£ight   Hillimetres   in 
Diameten  with  a  Steel  Coating,— riiiidvel.  Bovet.  KwIht,  uml  others  have 
niadi'  e.\|>eriaienl.s  ou    iht-  uii<liivcr  and   living  animals  with   the    smalh 
«alibre  leight  millimetres  in  diauiet«rl  projectiles  covered  with  nickel  or 
Meel.  which  are  in  general  use.    All  the  experiments  show  that  these  pro- 
jectiles have  a  great  penetrating  power  on  account  of  their  tremendous 
relocity.  and  this  has  been  still  further  increased  by  the  use  of  smoke- 
tes  powder.     The  projectiles   which   are    coated   with   steel   retain    their 
bape,  while  those  made  of  lead   become    deformed  on  account  of  llietr 
toniparative  softness.     At  short  ranges,  however,  the  action  of  the  projcc- 
s  which  are  covered  with  steel  and  those  made  entirely  of  lead  is  very 
^uch  the  same,  except  that  the  penetrating  power  of  the  former  is  greater : 
for  example,  three  cadavers  placed  fifty  centimetres  behind  one  another 
were  shot  thit>ugh  at  a  range  of  six  hundred  metres  (Demosthen).    Accord- 
big  to  Brunit.  these  sleel-ehated  projectiles  can  pass  through  iron  plates 
twelve  millimetres  in  thickness,  or  pine  wood  one  hundred  and  ten  centi- 
knetres  thick,  at  a  range  of  twelve  metres.    At  a  distance  of  fifty  metres  the 
allet  penetrates  tree-trunks  sixty  centimetres  in  diameter.     It  only  rarely 
uppeus  that  a  steel-coated  bullet  itmaius  in  the  body.     Even  at  ranges  of 
twelve  hundred  metres  up  to  two  thousand  metres  it  pas.ses  completely 
mgh  tlie  body.    The  steel-coated  bullet,  in  case  it  does  not  lose  its  cover- 
ifjig  by  first  striking  some  hard  object,  such  as  a  rock,  keeps  its  form  and 
month  wounds  in  tlie  soft  parts  with  small  eutrajice  and  exit  open- 
is  more  resistunl  than  the  nickel  bullet    At  a  range  of  four  hun- 
dred metres  Bruus  found  that  it  produced  an  effect  like  an  explosion  upon 
tho  skull  only,  the  long  hollow  bones  not  suffering  such  extensive  injury; 
tnge  of  eight  hundred  metres  perforating  wounds  occurred  :  and  even 
inge  of  twelve  hundred  metres  two  or  three  parts  of  a  body  placed  one 
behind  the  other  were  completely  shot  througli.      The  projectiles  rarely 
1  the  body,  as  Hobarl  and  Chauvel  have  noted  hy  experiments 
tde  at  ranges  as  long  as  fifteen  hundre<l  to  two  thousand  metres.     In 
pneral.  the  modem  projectiles  of  sniall  calibre  which  are  covered  with 
iel  are  more  humane  than  those  made  entirely  of  lead.  and.  t-xeepl  at  the 
'  ranges  where  explosion  of  the  projectile  lakes  place,  the  wounds  they  make 
have  a  more  favourable  prognosis,  since  the  bullets  do  not  become  shatr 
tered.  but  make  a  smootli  puncture  with  small  openings.    The  firearm  of 
•mail  calibre  is  thff  most  powerful  weapon  of  modern  times,  on  account 
^pf  its  great  velocity,  long  range,  and  tremendous  jienelrating  power, 
K      The  observations  made  upon  the  living  with  projectiles  of  eight  mill 
ntetres  diameter  correspond  very  closely  with  the  above  experiments.    Up 
■  Certain  ranges  (twelve  hundred  to  two  thousand  metres)  projectiles  which 
strike  the  body  directly  pass  entirely  through  it  forming  small  o|>enings  at 
their  points  of  entrance  and  exit ;  but  if.  before  entering  tlie  body,  they  re- 
bound from  a  rock  or  piece  of  iron,  they  rarely  do  this.     I"  these  rohounding 
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shots  the  steel-covered  bullets  lose  their  shape  and  become  bent,  the  steel 
covering  bursts,  etc.,  and  accordingly  the  wounds  they  make  are  torn  and 
mangled,  and  the  openings  they  form  on  entering  and  coming  out  are  much 
larger.  Certain  varieties  of  bullets  have  an  especially  destructive  action  upon 
the  tissues.  Of  these  the  bullets  with  a  partial  nickel  covering  (lead-tip  bul- 
lets), the  so-called  dum-dum  bullets,  and  the  hollow-tip  bullets  are  the  best 
known.  The  reports  of  the  English  surgeons  Davies  and  Hamilton,  and  the 
experiments  of  Bruns  and  Wendell,  show  that  the  lead-tip  bullets,  particularly 
when  fired  at  close  range  (two  hundred  to  five  hundred  metres)  cause  very 
severe  wounds — i.  e.,  much  more  laceration  of  the  soft  parts,  and  more  com- 
minution of  the  bone  than  the  usual  completely  coated  bullets.  This  ex- 
plosive action  of  the  lead-tip  bullets  is  explained  by  the  fact  that  the  exposed 
lead  tip  changes  its  form  in  passing  through  the  body,  breaks  the  steel  coat- 
ing into  small  and  minute  pieces,  and  the  lead  also  breaks  into  small  frag- 
ments, particularly  when  the  bullet  strikes  bone.  The  hollow-tip  bullets 
have  a  similar  action.  At  short  range  they  cause  a  great  deal  of  destruction, 
particularly  in  the  viscera  that  are  filled  with  fluid.  The  use  of  both  kinds 
of  bullets  in  war  should  be  strongly  protested  against 

The  Course  of  Oonshot  Wounds.— The  course  of  gunshot  wonndsniaj 
be  inferred  from  what  we  have  already  said  of  injuries  to  the  soft  parts, 
bones,  and  joints,  and  the  reader  is  referred  to  the  paragraphs  which 
treat  of  these  subjects.  The  pain  is  usually  trifling,  as  the  wound  is 
made  so  quickly,  and  often  a  person  does  not  know  that  he  has  heen 
hurt  until  he  notices  the  blood.  The  hflemorrhage  may  be  very  slight 
even  when  large,  deep-seated  arteries  have  been  injured,  and  it  ceases 
spontaneously  by  the  formation  of  a  thrombus  and  by  the  pressure  of 
the  surrounding  parts.  In  other  cases  the  wounded  person  dies  in  a 
few  minutes,  or  even  sooner,  if  a  large  artery  such  as  the  femoral  or 
the  carotid  has  been  divided. 

The  subsequent  course  of  a  gunshot  wound  depends  upon  whether, 
at  the  time  of  the  injury  or  afterwards,  infectious  substances  (bacteria) 
have  gained  access  to  the  wound  by  means  of  dirt  of  various  kinds, 
pieces  of  clothing,  or  unclean  fingers,  instruments,  etc.  The  tempera- 
ture of  the  projectile  at  the  moment  when  it  struck  the  body  is  another 
matter  which  has  an  important  bearing  upon  the  course  of  the  wound, 
as  the  micro-organisms  are  often  killed  by  the  heat  of  the  ball  espe- 
cially if  it  is  of  small  calibre  and  has  a  nickel  or  steel  covering.  Hence 
infection  of  gunshot  wounds  on  the  battle-field  is  alinost  always  due  to 
the  fact  that  immediately  after  the  injury,  or  not  until  later,  micro- 
organisms gain  access  with  the  dirt,  or  from  insuflSciently  disinfected 
fingers  and  instruments.  This  infection  may  give  rise  to  the  varions 
diseases  of  wounds,  such  as  progressive  inflammation  and  suppuration, 
sepsis,  and  pyoeinia.  Tetanus  is  also  not  infrequently  observed,  espe- 
cially if  earthy  materials  have  come  in  contact  with  the  wound.   Jf» 
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however,  infection  does  not  take  place,  even  very  extensive  injariee  to 
bones  mil  joiuts  lieal  readily. 

GRQshot  ^rounds  inflicted  at  a  short  range,  in  which  both  soft  parts 
and  bone  are  liadly  mangled,  have  the  worst  prognosis,  and  in  tnanj 
cases,  especially  in  wounds  involving  the  trunk,  bead,  or  abdomen, 
death  is  instantaneous.  If  a  patient  with  such  a  gunshot  wound  of  an 
extremity  remains  alive,  a  conservative  plan  of  treatment  ie  usually 
hopeless,  and  amputation  or  disarticulation  is  indicated.  It  has  already 
been  remarked  that  the  modem  steel-coated  projectile  of  small  calibre, 
in  spite  of  its  great  penetrating  power — leaving  out  of  considcmtion 
the  range  within  which  it  explodes — makes  a  cleaner  wound  than  the 
old-fashioned  soft  lead  projectile,  which  mangles  and  lacenttes  both 
bone  and  soft  parts.  The  ste«l-coated  bullet  retains  its  form  in  case 
it  does  not  first  strike  a  rock,  etc.,  and  causes  smooth  non-contused  and 
non-lacerated  wounds.  These  bullets  often  heal  up  in  the  tissues  with- 
out reaction,  and  not  infreijuently  chauge  their  location,  coming  to  the 
surface  at  some  other  part  of  the  body.  Kiisier  observed  chronic  lead- 
poisoning  result  from  a  bullet  that  had  remained  in  the  tibia  for  seven- 
teen years. 

Treatment  of  Oonshot  Woonds.— Gunshot  wounds  are  treate«l,  in 
general,  acconiing  to  the  sime  principles  which  we  have  already  given 
for  the  treatment  of  injuries  to  the  soft  parts.  Ixmes,  and  joints. 
Nevertheless,  I  shall  discuss  the  treatment  of  gunshot  wonnds  some- 
what more  at  length,  with  particular  reference  to  their  treatment  in 
times  of  war.  For  the  special  treatment  of  penetrating  wounds  of 
the  bead,  thorax,  and  abdomen  the  reader  is  referred  to  the  Regional 
Surgery, 

We  think  with  a  shudder  of  that  peri(td  of  the  middle  ages  when 
gunshot  wounds  were  wrongly  looked  upon  as  poii^oned  wonnds.  am) 
were  therefore  bnmed  out  n-ith  Imiling  oil  in  order  to  destroy  the 
venom  of  the  powder.  Anibroise  Par^  and  Maggi  successfully  com- 
bated this  method  of  treatment  in  1551  and  1552.  The  story  is  told 
that  when  the  army  of  King  Francis  of  France  stormed  the  little  castle 
of  Villane,  near  Su«i,  Ambroise  Pare  did  not  have  sufficient  hdl  oil  at 
hand  to  bum  out  all  the  gtmshot  injuries  in  accordance  with  the  treat- 
ment then  in  vogue.  On  the  next  day  all  those  wounds  which  had  not 
been  burned  out  with  oil  were  free  from  pain  and  inflammatory  swell- 
ing, while  those  which  had  been  thus  treated  were  very  painful  and 
much  swollen.  After  this  exi>erience  Pare  always  denounced  this 
cruel  method. 

Every  gnnshot  injury  should,  of  course,  be  treated  according  to 
antiseptic  principles,  although  this  is  qaite  a  different  thing  in  times  of 
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peace  from  what  it  is  in  war.  when,  on  account  of  the  great  numbers 
of  the  wounded,  it  is  not  possible  to  attend  to  every  case  as  carefully 
as  we  are  ordinarily  accustomed  to.  It  is  hence  very  natural  that  the 
expectant  treatment  of  gunshot  injuries  has  been  recommended  again, 
particularly  for  the  first  few  days  after  the  battle.  This  does  not  apply 
to  the  very  severe  injuries  which  require  immediate  operative  interfer- 
ence (see  page  764).  The  expectant  treatment  applies  chiefly  to  gun- 
shot injuries  with  bullets  of  small  calibre.  Grenerally  speaking,  the 
ordinary  rules  of  aseptic  surgery  are  also  applicable  to  military  practice. 

It  is  especially  important  to  check  the  haemorrhage  and  remove 
all  foreign  bodies  that  may  have  got  into  the  wound,  such  as  bullets, 
unclean  pieces  of  clothing,  etc.  But  it  is  a  bad  plan  to  hunt  for  a 
bullet  too  industriously  or  too  long,  as  it  subsequently  heals  up  in  the 
tissues,  just  like  other  foreign  bodies.  Dementjew  and  Bergmann  saw 
in  the  Russo-Turkish  War  eighteen  cases  in  which  the  ball  healed  up 
within  the  knee-joint.  Subsequently  the  projectiles  sometimes  leave 
their  original  positions  and  wander  about,  like  needles  or  other  simi- 
lar bodies.  Bergmann  and  Reyher  made  very  successful  use  of  the 
expectant  treatment  during  the  Russo  -  Turkish  War,  even  in  cas^ 
of  injuries  involving  joints.  They  confined  themselves  to  a  dis- 
infection of  the  wound  and  its  neighbourhood,  and  then  immobilised 
the  extremity  in  plaster  of  Paris  with  or  without  an  antiseptic  occlu- 
sive dressing.  The  parts  often  united  per  primam  intejitionm^  the 
bullet  becoming  enclosed,  while  in  other  instances  suppuration  took 
place,  and  yet  the  bullet  remained  where  it  was.  The  expectant  plan 
of  treatment  may  be  accompanied  by  dangers  when  there  are  pieces  of 
clothing  in  the  wound ;  but  these  form  the  minority  of  cases,  and 
there  are  usually  no  such  sources  of  infection  present.  If  one  decides 
to  adopt  operative  measures  and  enlarge  the  wound,  in  order  to  check 
hsBinorrhage,  for  example,  or  on  account  of  inflammation  or  suppura- 
tion, one  must,  of  course,  proceed  according  to  general  antiseptic 
principles.  In  civil  practice  one  will  not  make  so  much  use  of  the 
expectant  form  of  treatment  for  gunshot  fractures,  but  will  follow 
the  ordinary  rules  which  govern  the  management  of  compound  frac- 
tures. In  cases  of  wounds  with  extensive  mangling  of  the  soft  parts 
and  bone,  conservative  treatment  is  usually  hopeless,  and  amputation 
is  in  general  indicated. 

It  is  especially  important  that  the  wound  should  not  be  examined 
with  fingers  or  instruments  which  have  not  been  disinfected,  except, 
perhaps,  in  the  face  of  serious  haemorrhage  which  threatens  the  p*' 
tient's  life.  Many  a  wounded  person  has  lost  his  life  through  exam- 
ination of  his  injury  with  a  finger  or  a  probe  which  had  not  b^ 
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properly  disinfected,  Rcyher  is  right  in  discriminating  between  "lin- 
gered" wounds— i.  e,,  tliose  which  have  already  been  examined  by 
a  physician — and  "unfingered"  woniide — i.e.,  those  which  come  di- 
rectly under  the  snrgeon's  care.  Out  of  eight  patients  with  "lingered  " 
injnries  of  the  knee,  six  died  and  one  was  in  great  peril,  while  of  eeven 
"  untingered  "  injnries  of  the  knee  six  recovered. 

TLe  primary  antiseptic  treatment  consists  eitLer  of  antiseptic  ooclu- 
siim  of  the  wound  in  tlie  skin  or  antiseptic  drainage.  In  the  former — 
i.  e.,  in  healing  nnder  a  scab — all  exploration  of  the  wound  with  a  probe 
or  the  finger  should  as  far  as  possible  be  avoided.  If,  however,  an  ex- 
ploration of  the  wound  is  absolutely  necessary  on  account  of  dangerous 
hiemorrhage,  infection  of  the  wound,  etc.,  drainage  must  at  the  same 
time  be  provided  for,  and  any  operative  measures  which  may  he  neces- 
sary, such  as  removal  of  splinters  of  bone,  resection,  or  amputation, 
must  lie  undertaken  at  once.  An  excellent  method  of  drainage  in  case 
of  large  guTishot  wounds  is  to  pack  the  tatter  witli  iodoform  gauze  or 
Eterilised  mull.  Every  gunshot  wound  is  treated  by  tlie  open  method — 
i.  e.,  is  not  sutured.  The  best  antiseptic  for  military  practice  is  bichlo- 
ride of  mercury.  The  dressing  should  be  as  simple  as  possible.  In 
some  countries  the  soldier  is  supplied  with  the  material  for  the  first 
dreeing  in  the  fonn  of  a  small  bundle  which  can  lie  sewed  into  his 
coat  or  carried  in  the  breast  pocket  or  knapsack.  I  think  this  plan 
of  letting  each  soldier  apply  the  first  dressing  with  the  materials  which 
he  carries  with  him  is  a  bad  one,  since  these  dressings  are  anj'thing 
but  antiseptic — in  fact,  they  are  usually  full  of  dirt.  It  ie  much  bet- 
ter that  there  should  be  a  large  number  of  surgeons  and  well-trained 
assistants  npon  the  field  furnished  with  sufficient  antiseptic  dressing 
materials,  and  that  the  dressings  which  the  soldiers  carry  with  them 
should  only  be  used  in  an  emergency.  These  consist  of  two  pieces  of 
compress  impregnated  with  bichloride,  one  bandage,  a  safety  pin,  and 
a  three-cornered  piece  of  cloth,  all  of  which  are  wrapped  up  in  some 
rubbet  material.  In  order  that  antiseiwis  may  be  properly  oliserved  in 
time  of  war  all  persons  entrusted  with  the  care  of  the  wounded  should 
be  previously  instructed  in  the  general  principles  of  antiseptic  treatment 
and  in  the  technique  of  applying  simple  antiseptic  dressings.  The  vol- 
untary assistance  of  persons  in  the  higher  walks  of  life,  esjiccially  stu- 
dents, is  very  desirable  in  this  connection. 

The  sterilisation  of  dressings  can  be  carried  out  in  times  of  war 
according  to  the  same  principles  as  in  times  of  peace,  and  hence  it  is 
not  a  good  plan  to  make  a  collection  Ijeforehand  of  dressing  miiterials 
which  have  been  impregnated  with  antiseptics,  as  ibey  will  lie  subse- 
quently found  to  contain  bacteria  in  spite  of  the  best  of  packing.    The 
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most  suitable  kind  of  dressings  are  those  which  can  be  transported  in 
the  smallest  possible  bulk,  such  as  mull,  hemp,  and  cotton.  The  com- 
mon salt-bichloride  tablets  which  Angerer  has  recently  recommended 
for  military  practice  are  very  useful,  and  greatly  facilitate  the  prepa- 
ration of  permanent  bichloride  solutions.  Instead  of  sponges,  aseptic 
gauze  pads  are  to  be  recommended. 

On  the  battle-field  the  wounded  are  first  carried  to  a  covered  pkce 
marked  by  the  red  cross  flag,  which  is  the  first  dressing  place.  The 
woimded  are  dressed  here  provisionally,  and  in  some  cases  permanent 
dressings  are  put  on.  From  here  they  are  moved  to  the  nearest  field 
hospital.  The  dressings  at  the  first  dressing  station  are  applied  acconl- 
ing  to  the  rules  of  antisepsis ;  not  only  sterile  dressings  are  used,  Lot 
also  antiseptic  powders,  such  as  iodoform,  dermatol,  etc.  The  duties 
at  the  first  dressing  place  consist  in  the  prevention  of  wound  infection, 
in  conservative  treatment  of  gunshot  injuries— e.  g.,  of  the  extremities 
— and  in  immediate  interference  in  the  case  of  dangerous  injuries  (arrest 
of  haemorrhage,  ligation  of  large  vessels,  amputation,  tracheotomy). 
At  the  first  place  only  the  most  necessary  life-saving  operations  should 
be  performed.  The  most  seriously  wounded,  especially  those  who  can- 
not get  to  the  first  dressing  place,  should  be  attended  to  first.  It  has 
been  said  that  in  future  battles  the  disproportion  between  the  number 
of  the  injured  and  that  of  the  surgeons  will  be  even  more  evident  than 
it  has  been  in  the  past,  as  the  rapid-firing  guns  now  used,  on  account  of 
the  greater  accuracy  of  their  aim,  will  probably  increase  the  numbers 
of  the  wounded,  while  the  number  of  surgeons  will  remain  about  the 
same.  Billroth  likewise  expressed  the  fear  that  the  number  of  wounded 
in  coming  battles  will  be  so  great  that  there  will  not  be  sufficient  help 
at  hand  to  render  them  the  necessary  assistance  while  the  battle  is 
going  on.  In  my  opinion,  however,  there  is  no  ground  for  these  fears. 
In  spite  of  the  increasing  perfection  of  the  guns  used  in  the  modem 
battles  the  latter  are  less  bloody,  for  the  reason  that  fighting  at  close 
range  has  become  rarer,  and  the  protection  of  the  ground  is  made  more 
use  of  than  formerly.  The  bloodiest  battle  of  the  nineteenth  century 
is  said  to  have  been  the  battle  of  Leipsic,  where  there  were  90,000 
killed  and  wounded ;  the  next  bloodiest  was  the  battle  of  Aepem, 
in  which  there  was  a  total  loss  of  66,000;  and  then  Borodino,  with 
62,u0o.  Aspern  had  the  highest  percentage  of  killed  and  wounded 
(38  per  cent.) ;  then  come  Borodino,  with  25  per  cent. ;  Eylau  and 
Waterloo,  with  24  per  cent. ;  Leipsic  and  Inkerman,  with  21  per  cent 
On  the  other  hand,  the  relative  loss  in  dead  and  wounded  at  Koni^- 
griitz  was  7.5  per  cent.,  at  Gravelotte  16  per  cent.,  at  Sedan  12  f^^ 
cent.,  at  WOrth  13.5,  at  Mars  la  Tour  16  per  cent,  and  at  Plevna  U 
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Tliese  figures  give  the  percentage  for  Ixitli  armies.  If  we 
:  the  losses  of  tlie  separate  armies — e.  g.,  on  tlio  German  or 
Freiicli  sido — we  find  here  also  that  tlie  gi-eateet  loBsea  in  the  large  hat- 
ties  of  modem  times  were  smaller  than  they  used  to  he,  and  have  never 
reached  a  fourth  of  the  whole  strength  of  the  armj'.  The  Germans  lost 
at  itars  la  Tour  22  per  cent.,  the  French  at  Worth  10  per  cent,,  and 
at  Sedan  19  per  cent.  The  Austriane  lost  at  Kouiggr&tz  11  per  cent., 
and  the  Russians  at  Plevna  17  per  cent. 

But  cjuite  apart  from  the  faet  that  battles  in  modem  times  are  less 
liluoily  than  they  used  to  l>e,  the  German  army  organisation  has  pro- 
vided for  a  sufficient  number  in  the  liospital  corps  to  render  flret  aid 
to  the  wounded.  Haase  states  that  tiie  organisation  for  the  care  of  the 
wounded  which  the  German  army  possesses  will  amount  in  future  wars 
to  forty-five  thousand  well-trained  men  (hospital  orderlies,  carriers  of 
the  wounded,  etc.).  Thus  we  can  see  that  a  liberal  provision  has  Iieen 
made.  At  the  field  hospitals,  which  are  usually  churches,  sehool- 
houses,  or  other  large  buildings,  or  tents  and  barracks,  the  wounded 
who  are  brought  in  with  temporary  dressings  on  are  examined  with 
antiseptic  precautions  and  permanent  dressings  then  applied,  and,  when 
necessary,  the  wounds  are  enlarged,  drained,  and  disinfected.  Those 
who  have  thus  lieen  dressed  antisepticnlly  are  then  transporteil  to  a  per- 
manent hospital.  During  transportation  injured  portions  of  the  Ix^dy, 
especially  gimshot  fractures,  must  be  immobilised  as  thoroughly  as 
[wssible  (see  §  53  and  page  22(1). 

In  addition  to  permanent  buildings,  such  as  schoolhouses  and 
churches,  tents  and  the  so-called  Diicker's  barracks  are  particularly  well 
adapted  for  quarters  for  the  wounded.  Haase  states  that  an  army  of 
U)0,0uO  men  needs  601  movable  and  167  stationary  barracks  to  furnish 
room  for  from  15,000  to  18,0o0  wounded.  Some  of  the  barracks  used 
for  war  purposes  are  made  of  felt  (Diicker's  barracks),  while  others  are 
tents  or  wooden  sheds.  Ilaase  is  right  in  recomutending  that  these 
tents  and  barracks  be  put  in  position  by  bodies  of  men  organised  for 
that  purpose  and  under  the  command  of  special  officers.  In  a  future 
war  the  tente  will  play  an  important  part  in  the  care  of  the  wounded. 
The  tents,  in  case  they  are  used  on  the  battle-field,  can  be  made  from 
the  portable  tent  supplies  of  the  soldiers,  or  they  can  be  transported  by 
rail  to  the  points  where  they  are  to  be  put  up. 

Wc  hiive  not  space  to  take  up  more  in  detail  the  first  treatment  of 
the  wounded  on  the  battle-field,  but  whoever  is  interested  in  this  sub- 
ject should  consult  the  books  which  have  lieen  written  upon  it  by  Es- 
raareh  and  Port.  A  very  excellent  and  exhaustive  treatise  on  military 
surgery  will    be   found   in    Fischers   JIandbuch  der  Kriegschirurgie 
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(^Deutsfhe  Cbirurgie,  Stuttgart,  1SS2).  Fop  a  description  of  the  easily 
transportable  operating  table  which  I  have  devised  for  military  prai'- 
tice,  see  page  7,  Figs.  5  to  7. 

S«aroh  for  a  Ballet— In  searcbingfor  a  bullet  one  may  use  the  disinfectetl 
fineer  or  an  ordinary  probe,  and  in  the  case  of  very  deep  wouuds.  long, 
curved  oi-atruiglit  dressing  forceps,  silver  catheters,  etc.  Graham  Bell  has  in- 
en  ted  an  electric  probe  for 

J  I      niuling  bullets.     A   needle 

'      whicli   has   been   insulated 
■    t  I      by  coating  all  but  its  point 

■  witli  varnish  is  inserted  into 

■  llie  region  where  the  pres- 

H  I       .       fiice  of  the  projectile  is  sus- 

<^B  'i  jii.>('[ed  and  then  connected 

■^  ■  with  the  end  of  a  telephone 

^B        M  wire-     A  metallic  plate  of 

1^^     B  ^'"^  same   material    as   the 

_.i       0        m  I     ii.-c(ile  is  fastened  to  the  end 

iif  the  other  wire  and  ap- 
plied to  the  skin  in  tlie 
III  iirlilxmrhood  of  the  bul- 
I  f  the  point  of  the  uec- 
'  unies  in  contact  with 
linli  the  circuit  is  closed, 
,ijii|  every  time  they  come 
iip;:tllier  a  distinct  noise 
j~.  h.^ird  in  the  telephone. 
Whin  lias  constructed  a  sim- 
il  II'  electro  ■  microphonic 
iirher  (see  Aeretl.  Poly- 
■liiiik.  March,  18U2).  The 
magnetic  needle  can  also  be 
used  in  suitable  rases  for 
finding  a  hall  even  after  it 
has  become  healed  up  in  the  tissuea  and  is  especially  applicable  to  the  seanli 
for  the  modern  steel-coaled  projectiles.  Giiriner  recommends  that  the  ste^l- 
covered  bullet  which  has  entered  the  body  be  first  magnetised  by  stroking 
the  area  in  question  with  a  (wwerful  magnet.  By  means  of  a  sensitive  mag- 
nelic  needle— i.  e.,  a  pair  of  astatic  needles  suspended  by  a  silk  thread,  or 
Lamont's  magnetoscope~the  point  on  the  skin  is  determined  to  which  the 
ball  or  iron  splinter  lies  nearest  (Kocher.  Gartner.  Sachs).  Gartner  con- 
structed an  astatic  magnetic  needle  out  of  a  magnetised  sewing  needle  which 
he  broke  in  two,  a  straw,  and  a  piece  of  silk  thread,  and  made  successful  use 
of  it  in  finding  projectiles  after  havingr  first  magnetised  them.  The  old-fash- 
ioned probe  invente<l  by  Nelalon  has  a  knob  made  of  porcelain  which  b  made 
blflck  by  contact  with  the  bullet. 

Impottaaoe  of  the  X-rays  in  Sui^cal  DU^oiis.— The  existence  of  this 
new   form  of  vibration  of  etber  ^sas  discovered  by  Professor  Konlgea  in 
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burg.  Fig.  465  sliows  an  X-ray  photograph  of  the  hand  ;  the  aoft  parte 
trmeable  to  the  Routgen  rays,  while  the  bones,  the  ring  on  the  fourth 
.  and  the  bullet  that  is  healed  in  between  the  fourth  and  fifth  ineta- 
i  are  impermeable  and  atand  out  clearly.  The  X-rays  are  of  gt-eat  im- 
ice  in  surgical  and  medical  diagnosis,  particularly  for  locating  foreign 
)  in  the  tissues  (needles,  bullets,  renal  calculi,  vesical  calculi,  etc-),  and 
juries  and  diseases,  and  congenital  and  acquired  deformities  of  bones 
>ints.  By  the  aid  of  the  new  improved  apparatus  the  minute  structure 
i  bone  can  be  shown  in  a  photograph.  It  would  have  much  greater 
ostic  value  if  it  could  show  differences  in  the  tissues  of  the  \ 


i.  The  X-rays  have  also  hern  used  therapeutically— for  example,  in  the 
lentof  lupus  and  other  skin  diseases.  After  an  experience  of  several 
with  the  X-rays  we  can  .say  that,  though  they  have  not  fulfilled  the 
le  expectations  of  the  most  sanguine  enthusiasts,  they  nevertheless 
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occupy  a  permanent  place  as  a  valuable  method  of  diagnosis,  and  every  hos- 
pital should  possess  the  necessary  apparatus. 

Projectiles  are  extracted  by  means  of  forceps,  or  spoon-shaped  instru- 
ments.   The  most  simple  kind  are  the  long,  curved  or  straight  dressing  fo^ 
ceps,  or  long,  narrow  forceps  with  sharp-pointed  teeth  which  cover  one  an- 
other when  closed,  so  that  they  do  not  injure  the  tissues.    The  best-known 
spoon-shaped  instruments  are  Thomassin's  and  Langenbeck's.     Elevators  can 
also  be  employed  for  this  purpose.    Formerly,  if  the  ball  were  firmly  em- 
bedded in  the  bone,  it  was  extracted  by  screws  or  augers,  which  were  bored 
into  the  lead   like  corkscrews.    These  augers  and  screws,  and  the  forceps 
with  the  sharp-pointed  teeth,  are  no  longer  used  for  the  modem  steel-coated 
projectiles,  having  been  superseded  by  narrow,  straight,  or  curved  forceps. 
The  steel-covered  projectiles,  however,  remain  lodged  in  the  body  much 
more  rai'ely  than  the  lead  bullets ;  they  usually  pass  entirely  through  it  and 
emerge  externally. 


CHAPTER  V. 


TUMOURS. 


Tumours  in  general. — Definition  and  classification  of  tumours. — Etiology  of  tu- 
mours.— Clinical  features,  diagnosis,  prognosis,  and  treatment. — The  anatomical 
structure  and  clinical  course  of  the  different  varieties  of  tumours,  with  their 
treatment. 

§  125.  Tnmoon  in  General — Definition  and  Classification. — The 
etadj  of  tumours  forms  one  of  the  most  interesting  chapters  of 
pathology ;  but  it  would  require  too  much  space  to  discuss  this  vast 
subject  with  anything  like  completeness,  and  so  we  must  satisfy  our- 
selves with  merely  a  superficial  account  of  such  tumours  and  growths 
as  are  amenable  to  surgical  treatment.  Virchow  has  done  more  than 
any  one  else  to  advance  our  knowledge  of  tumours,  and  his  work 
entitled  Die  krankhaften  Geschwiilste,  will  always  be  a  glorious 
monument  to  Grerman  research.  Other  successful  workers  in  this 
branch  of  pathology  are  C.  O.  Weber,  Rindfleisch,  Billroth,  Thiersch, 
Waldeyer,  Cohnheim,  and  Ribbert.  For  a  description  of  the  general 
pathology  of  tumours  the  reader  is  referred  to  the  text-books  of  Cohn- 
heim, Klebs,  Orth,  Ziegler,  etc. 

The  question,  What  is  a  tumour  ?  has  received  various  answers. 
In  fact,  it  is  difficult  to  give  a  suitable  definition  which  includes  all 
tumours,  as  they  present  marked  differences  anatomically,  etiologically, 
and  clinically.  Liicke's  definition  has  been  the  most  widely  accepted. 
According  to  him,  we  mean  by  a  tumour  an  increase  in  the  volume  of 
some  portion  of  the  body,  due  to  a  new  formation  of  tissue  which 
reaches  no  physiological  limit,  and  which — to  add  Cohnheim's  words — 
differs  from  the  morphologico-anatomical  type  of  the  locality  where 
it  occurs.  We  distinguish  from  true  tumours  the  hyperplastic,  infiam- 
matory  formations,  all  the  infectious  granulation  tumours  of  tubercu- 
losis, syphilis,  leprosy,  etc.,  and  certain  collections  of  fiuid  and  cells  in 
preformed  cavities,  such  as  aneurysm,  hygroma  of  tendon  sheaths  and 
mucous  bursie,  hydrocele  of  the  tunica  vaginalis  testis,  and  all  reten- 
tion cysts.     We  recognise,  as  Cohnheim  does  : 
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1.  Tumours  the  main  portion  of  which  is  of  the  eonnective-tis 
type;   these  include  fibroma,  lipoma,  myxoma,  chondroma,  osteo- 
angeioma,   lymphangeioma,   endothelioma,   lymphoma,   and   sarco^ 
together  with   mixed   or  combination   tumours  made  up  of  sim 
forms.  ^ 

2.  Tumours  having  the  type  of  muscular  tissue :  Myoma  lievic^/j 
lare  and  myoma  striocellulare. 

3.  Tumours  made  up  of  nerve  tissue :  Neuroma  and  glioma. 

4.  Tumours  of  the  epithelial  type — viz.,  epithelioma,  ouychoiDa, 
adenoma,  cystoma,  and  carcinoma.     There  remains  as  a  subdinsion  of 
this  group  the  teratoma  of  Virchow,  in  which  many  different  kinds  oi 
tissue — such  as  hair,  skin,  bone,  teeth,  parts  of  intestine  and  braiD— are 
found.     In  this  class  belong  the  dermoid  cysts. 

Birch-Hirschfeld  makes  the  following  classification  :  1.  Counective- 
tissue  tumours;  2,  muscle  tumours;  3,  nerve  tumours;  4,  epithelial 
tumours ;  5,  mixed  or  combination  forms  of  tumours ;  6,  cystic 
tumours,  consisting  of  a  closed  sac  containing  more  or  less  fiuid.  This 
group  includes  tumours  which  are  etiologically  and  histological^  very 
different ;  some  of  them  (retention  cysts)  do  not  belong  to  the  prolifer- 
ating tumours  at  all,  while  others  are  due  to  abnormities  of  develop- 
ment (teratoma-dermoid  cysts),  or  originate  secondarily  from  different 
tumours  (cystoma  glandulare,  cystosarcoma).  7.  Infectious  tumours 
(granulation  tumours)  which  are  related  histologically  and  etiologically 
to  the  infiammatory  formations,  and  do  not  belong  among  the  true 
tumours  (products  of  tuberculosis,  syphilis,  leprosy,  etc.). 

§  126.  Etiology  of  Tumours. — The  etiology  of  tumours,  meaning 
thereby  neoplasms,  still  remains  obscure,  although  many  theories  have 
been  advanced  upon  this  subject.  Their  causes  are  partly  direct  and 
partly  indirect  or  predisposing,  the  latter  including  the  effects  of 
Age,  sex,  occupation,  etc.  Inherited  predisposition  plays  an  im- 
portant part  in  their  causation,  and  in  many  cases — notably  of  sar- 
coma— Esmarch  believes  that  their  development  depends  upon  a  pre- 
disposition inherited  from  syphilitic  ancestors.  As  direct  causes  of 
tumours,  local  irritations — mechanical,  chemical,  or  inflammatory  in 
nature — have  been  thought  especially  important.  Thus  we  know  that 
a  sarcoma,  for  instance,  occasionally  forms  after  a  severe  contusion,  or 
that  an  epithelioma  of  the  lower  lip  or  of  the  mucous  membrane  of 
the  mouth  develops  in  immoderate  smokers,  or  as  a  result  of  frequently 
repeated  traumatic  irritations  caused  by  a  sharp  tooth,  frequent  siiav- 
ing  with  dull  razors,  etc.  Sometiijies  after  fractures  benign  (osteoma, 
chondroma)  and  malignant  tumours  (sarcoma)  develop  in  the  callus— 
the  so-called  callus  tumours.     According  to  Kapok,  one  hundred  and 
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twenty -eight  out  of  sis  hundred  and  Bixty-nine  tiimuurs  followed 
injiiriee.  Ziegler  found  that  in  IS  per  cent,  of  his  cases  of  tumours 
tiiere  had  been  a  single  traumatism,  and  in  25  per  cent,  a  continued 
traumatic  influence.  Lowenthal  found  that  out  of  934  cases  of  mam- 
mary carcinoma  a  history  of  traumatism  was  present  in  1^5,  or  18.4 
per  cent.  Out  of  70  cases  of  sarcoma  collected  by  Coley  there  were 
44  in  which  traumatism  played  an  important  part  in  the  eliotopy.  In 
ray  opinion  it  has  not  yet  been  proved  that  a  tumour  can  result  from 
a  traumatism,  but  it  is  undoubtedly  possible,  and  this  theory  is  in  accord 
with  our  theoretical  views  regarding  the  nature  of  tumours.  One 
could  imagine  that  a  traumatism  separates  larger  or  smaller  groups 
of  cells  from  their  connection  with  the  tisBuee,  thus  removing  them 
from  the  physiological  limits  of  growth  and  allowing  them  to  develop 
a  power  of  growth  of  their  own  and  to  displace  the  normal  tissues  (see 
page  .^12).  In  other  easeg  tumours  are  caused  by  chemical  and  inflam- 
matory irritation — e.  g.,  carcinoma  of  the  tongue  in  great  smokers,  and 
the  carcinomata  that  develop  in  chimney-sweeps  and  workers  in  tar 
and  paraffin  factories.  But  chemical  and  inflammatory  irritation  is 
not  sufficient  in  itself  to  produce  a  tumour.  There  mui-t  be  a  local 
predisposition  to  the  development  of  a  new  growth,  and  this  could  be 
the  same  as  in  the  case  of  tmumatisms — i.  e.,  the  cells  are  separated  by 
the  inflammatory  process  from  their  physiological  connections  and 
after  their  displacement  take  on  an  independent  growth.  Sometimes 
disturbances  of  the  nervous  system — trophoneuroses — play  an  impor- 
tant part  in  their  causation.  Buchterkirch  and  Bumke  saw  a  case  of 
multiple,  symmetrical  lipomata  which  followed  a  contusion  of  the  spinal 
cord.  Synmietrical  tnmours  have  also  been  seen  in  the  lachrymal 
and  salivary  glands.  In  a  portion  of  these  cases  the  swellifig  of  the 
lachrymal  glands  which  occurred  first,  and  later  that  of  the  salivary 
glands,  was  inflammatory  in  nature.  A  prei'eding  inflammation  has 
a  very  important  influence  upon  the  development  of  neopla^ims.  as 
is  shown  in  those  cases  of  carcinoma  of  the  breast  which  follow  a  masti- 
tis. Malignant  tumours,  l>oth  carcinoma  and  sarcoma,  often  originate 
from  simple  warts,  and  melanomata  from  small  patches  of  pigment  in 
the  skin.  Rapok  states  that  one  hundred  and  eighty-two  out  of  three 
hundred  and  ninety-nine  carcinomata  starteti  in  warts,  and  indeed  one 
third  of  all  the  instances  of  tumours  colIecte<l  by  him  (six  hundred  and 
ninety-nine)  had  this  origin.  According  to  Woodhead,  tumours  are 
due  to  a  deficiency — not  a  superfluity — of  nourishment ;  even  though 
there  is  actually  an  increased  amount  of  food  taken  into  the  system, 
this  is  not  able  to  supply  the  neeils  of  the  tissues  in  question.  He 
holds  the  view  that  tumours  develop  when,  as  a  result  of  irritations 


772  TUMOURS. 

from  different  Boorces — such  as  injuries,  parasites,  microbes,  long- 
continued  action  of  an  irritating  organic  or  inorganic  substance,  or  a 
simple  chronic  catarrh — so  great  an  increase  in  the  activity  of  the 
tissue  elements  is  demanded  that  the  food  brought  into  the  system 
is  insufficient  to  supply  these  demands.  Schleich  looks  upon  turooar- 
formation  as  a  kind  of  infection  originating  within  the  organism,  a  cell 
at  a  certain  stage  of  its  physiological  development  becoming  infectious 
as  a  result  of  irritations  of  various  sorts.  Analogously  to  the  develop- 
ment of  an  impregnated  ovum,  tumours  are  considered  by  bim  as 
products  of  a  pathological  conception  and  impregnation ;  the  patho- 
logical spermatozoon  is  represented  by  the  cell  that  has  become  infec- 
tious. Many  authorities  think  that  tumours,  particularly  the  malignant 
variety,  are  caused  by  micro-organisms  (protozoa ;  see  also  page  819). 
Jiirgens  claims  that  there  are  some  sarcomata  which  must  be  regarded 
as  infectious,  as  they  can  I>e  transmitted  to  animals  by  inoculation. 
Jiirgens  found  sporozoa  in  both  the  primary  and  secondary  tumours. 

Colmheim  developed  a  very  ingenious  theorj'  as  to  the  ultimate  cause 
of  new  growths.  He  thought  this  to  be  an  abnormity  or  irregularity  in 
the  embryonic  rudiment  of  the  part  of  the  body  in  question — in  short, 
that  neoplasms  originate  from  the  growth  of  embryonic  germs  or  ger- 
minal cells  which  have  been,  as  it  were,  shut  up  in  the  normal  tissues. 
In  many  individuals  these  tumour  germs  do  not  become  developed,  but 
in  others  traumatisms,  mechanical  and  chemical  irritation,  or  the  dimin- 
ished powers  of  resistance  possessed  by  the  surrounding  normal  parts, 
increased  blood  supply,  etc.,  may  arouse  them  to  activity.  This  tlieorr 
of  Cohnheim's  seems  very  plausible  for  many  cases,  but  it  lacks  ana- 
tomical foundation  ;  in  fact,  as  Birch-Hirschfeld  says,  a  positive  proof 
of  the  correctness  of  Cohnheim's  hypothesis,  as  applied  to  tumours  in 
general,  is  quite  impossible.  It  is,  however,  unquestionable  that  some 
tumours  spring  from  embryonic  germs,  and  certain  facts  are  very  well 
explained  by  Cohnheim's  theory — viz.,  the  transmission  of  tumours 
by  inheritance,  the  occurrence  of  congenital  tumours,  and  of  certain 
tumours  in  particular  portions  of  the  body,  such  as  epithelial  tuniouK, 
carcinomata  of  the  lip,  tongue,  cardiac  or  pyloric  orifices  of  the  stom- 
ach, glans  penis,  cervix  uteri,  etc. ;  in  other  words,  in  localities  where 
inversions  of  the  epiblast  in  the  form  of  groups  of  epithelial  cells, 
which  have  strayed  away  during  the  embryonic  period,  may  easily  take 
place.  Cohnheim's  hypothesis  also  furnishes  the  best  means  of  explain- 
ing the  heterologous  origin  of  primary  epithelial  tumours  in  organs 
which  do  not  contain  epithelium.  "We  know,  for  instance,  that  the 
(lerinoiil  cysts  are  a  result  of  stray  embryonic  germs.  Ribbert  has 
recently  developed  Cohnheim's  theory  more  fully.     According  to  him. 
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tumours  are  formed  not  only  from  strayed  foetal  germs,  but  also  from 
groups  of  cells  that  have  become  separated  in  post-foetal  life  from  their 
organic  connections.  We  shall  return  to  this  theory  under  the  subject 
of  Carcinoma. 

Trannnlsflibility  of  Tnmonrs. — Great  importance  attaches  to  the 
c|uestion  whether  or  not  tumours,  especially  malignant  ones  (carcinoma, 
sarcoma),  are  transmissible  in  the  sense  that  living  tumour-cells,  when 
transplanted,  can  give  rise  to  the  development  of  the  same  kind  of 
malignant  tumour  in  that  part  of  a  body  to  which  they  are  transferred. 
Such  a  transmissibility  of  tumours  has  in  fact  been  sufficiently  proved 
in  the  case  of  both  animals  and  man  by  experimental  and  clinical 
observations.  Eiselsberg  successfully  inoculated  rats  with  a  fibro- 
sarcoma. In  regard  to  the  transmissibility  of  carcinoma,  see  page  820 ; 
of  sarcoma  and  melanoma,  see  page  806. 

Etiology  of  TninoTirg  in  AniTnaln.— Plicgue  and  Frohner  have  published, 
in  regard  to  the  origin  of  tumours  in  animals,  some  interesting  facts  which 
show  many  analogies  to  tumour-formation  in  man.  The  real  cause  of 
tumours  in  animals  is,  to  be  sure,  unknown,  as  far  as  the  predisposition  of 
the  bearer  is  concerned ;  but  as  regards  tlie  direct  cause,  the  following  lias 
been  noted :  The  carcinoma  of  the  lip  in  horses  generally  develops  in  the 
comers  of  the  mouth  from  pressure  of  the  bit,  while  in  cats  the  upj^er  lip  is 
ordinarily  affected  as  a  result  of  the  repeated  bites  of  small  animals.  The 
subcutaneous  fibroma  which  is  often  seen  in.  hoi*ses  is  caused  by  the  pres- 
sure of  the  harness.  Constant  or  frequently  I'epeated  traumatisms  play  an 
important  part  in  the  origin  of  tumoui'S  in  animals,  as  do  also  pi^eceding 
inflammations.  Bitches  suffer  from  carcinoma  of  the  mammary  glands 
much  oftener  than  male  dogs,  and  the  hindermost  glands  are  the  ones  most 
commonly  affected,  as  they  are  particularly  likely  to  be  the  seat  of  a  mastitis. 
The  melanosis  of  horses  is  thought  to  be  transmissible  by  inheritance,  so  that 
mares  or  stallions  which  have  it  cannot  be  used  for  breeding;  heredity  is 
also  said  to  play  a  part  in  the  origin  of  the  mammary  cancer  of  hitches. 

The  influence  of  age  is  very  noticeable  in  animals.  In  old  dogs  carcino- 
ma is  very  frequent,  while  young  ones  are  practically  immune.  Whether 
the  nutrition  of  the  animal  plays  a  part  in  the  tumour-formation,  as  has  been 
thought  to  be  the  case  in  carcinoma  in  man,  cannot,  as  Plicque  says,  be  easily 
decided.  Among  pronounced  carnivora,  like  the  dog,  carcinoma  is  very 
common,  and  herbivora  like  the  horse  are  not  exempt  when  they  reach  an 
advanced  age. 

§  127.  Qrowth,  Course,  Diagnosis,  and  Treatment  of  Tumours. — The 
growth  of  tumours  takes  place  in  exactly  the  same  way  as  that  of  other 
tissues — by  cell  proliferation.  The  rapidity  of  growth  is  very  variable, 
depending  upon  the  locality,  the  blood  supply,  and  the  structure  of  the 
tumour.  The  more  cells  the  latter  has,  the  more  rapidly  it  grows. 
Jl^ocalised  or  more  diffuse  disturbances  of  nutrition,  such  as  fatty  degen- 
eration, calcification,  and  colloid  degeneration  or  necrosis,  resulting. 
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perhaps,  in  a  complete  spontaneous  cure  of  the  tumour,  very  frequen,^ 
occur.     Necrosis  in  the  form  of  ulceration  is  exceedingly  comni  ^ 
especially   in   carcinomata  which  have  broken  through  the  skin 
mucous  membrane.     According  to  Xepveu  and  Verneuil,  the  soft 
ing  of  tumours  is  caused  in  some  instances  by  bacteria.     A  true  tui 
does  not  disappear  spontaneously  ;  some  remain  stationary,  while  ot' 
keep  on  growing  at  a  faster  or  slower  rate.     It  is  an  interesting       y. 
that,  like  foetal  tissues,  tumours  have  a  more  or  less  abundant  6^^^^ 
of  glycogen.     The  most  important  distinction  between  tumours  is   pj^' 
sented  by  their  clinical  course,  and  this  allows  us  to  divide  them  ijto 
benign  and  malignant  growths.     The  former  remain  local,  but  the  lat- 
ter penetrate  into  the  neighbouring  tissues  and  destroy  them,  and  the 
tumour  germs,  being  carried  off  in  the  blood  and  lymph,  give  rise  to 
metastatic  or  secondary  neoplasms  in  all  parts  of  the  system,  especiallv 
the  liver  and  lungs.     Cartilage  is  the  only  tissue  in  which,  so  far  as  I 
know,  no  metastases  have  been  found.     The  metastases  have  essentiallj 
the  same  structure  as  the  primary  tumours,  and  are  found  either  in 
the  vicinity  of  the  latter — that  is,  in  the  region  supplied  by  the  lymph 
and  blood  which  come  directly  from  the  tumour — or  in  distant  organs 
after  the  tumour  germs  have  passed  through  the  heart.     Metastai?eg 
due  to  capillary  emboli  are  most  commonly  caused  by  the  tumour  cells 
which  pass  through  the  lungs  in   the  venous  blood  without  being 
retained  there  (Zahn).     Should   the  germs  be   carried   through  the 
lymph  vessels,  they  usually  become  implanted  in  the  nearest  lymph 
glands  and  here  lead  to  the  development  of  tumour  tissue  wliich  1:5 
identical  with  that  of  the  original  neoplasm.     In  this  way  the  iufecte*! 
lymph  glands  become  new  foci  for  further  infection  and  development 
of  metastases.     The  tumour  germs  also  enter  the  vascular  system  by  a 
direct  ingrowth  of  the  mother  tumour  into  the  walls  of  the  vessels.   I 
once  saw  a  metastasis  in  a  valve  of  the  femoral  vein  in  a  case  of  sar- 
coma of  the  leg.     Tumours  which  in  other  respects  are  benign— such 
as  fibroma,  lipoma,  cystic  goitre,  chondroma,  myoma,  etc. — may  also, 
in  exceptional  instances,  give  rise  to  metastases.     It  is  characteristic  of 
tumour  metastases — especially  those  from  the  really  malignant  tumours 
— to  go  on  growing  indefinitely.     Normal  tissue  germs  do  not  have 
this  peculiarity,  as  is  shown  by  the  experiments  of  Cohnheiin,  Maas, 
etc.     Small  pieces  of  periosteum  and  embryonic  cartilage  implanted  in 
the  circulation,  the  peritoneal  cavity,  or  in  the  anterior  chamber  of 
the  eye,  grow  for  a  time  and  can  thus  give  rise  to  very  small  osteomata 
or  euchoudromata ;  but  these  soon  disajtpfear  without  leaving  any  traces. 
If,  on  the  other  hand,  living  tumour  cells  from  a  carcinoma  or  sarcoma, 
for  example,  are  inoculated  upon  animals,  they  go  on  developing,  and 
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give  rise  to  tumours  wliich  are  tlie  same  as  the  original  oik 
also  may  become  infected  with  tlie  germs  of  tumonre,  and  this  haa 
occurred  during  operationB  for  their  extirpation,  Carcinouia  and  sar- 
coma ai-e  the  typical  malignant  tumours  ;  they  lead  to  local  destruction 
of  tissue  and  to  general  infection  of  the  hody  by  the  formation  of 
metastases.  They  are  especially  the  ones  which  so  commonly  reappear 
at  the  original  site  after  they  have  been  extirpated.  These  recurrences 
are,  according  to  Thiersch,  due  partly  to  tumour  germs  which  werent 
removed,  though  in  other  instances  we  have  to  deal  with  a  new  tumonr- 
fiimilar  to  the  one  that  was  removed,  which  makes  its  appearance  in  ths' 
cicatrix  or  near  by,  months  or  even  years  afterwards.  Then,  again^. 
recurrences  may  be  due  to  the  inoculation  at  some  point  of  livinf|r 
tumour  cells  during  the  extirpation  of  the  primary  tumour.  It  can 
easily  be  understood  that  a  benign  tumour  may  also  prove  fatal  to  the 
bearer  on  account  of  its  position,  as  exemplified  by  an  osteoma  on  the 
inner  table  of  the  skull. 

The  evil  effects  of  tumours  upon  tJie  organism  are  partly  local  and 
partly  constitutional  in  character.  Those  in  i>ai'ticuiar  which  grow 
rapidly  are  a  great  drain  upon  the  system.  The  part  which  is  affected 
may  be  entirely  destroyed,  and  the  formation  of  metastases,  togetlier 
with  the  necrosis  antl  ulceration  undergone  by  the  tumour,  may  involve 
different  organs  and  eventually  lead  to  an  increasing  general  cachexia, 
to  which  the  patient  will  succumb.  This  cachexia,  manifesting  itself 
in  the  form  of  general  disturbances  of  nutrition,  loss  of  flesh,  and 
marasmus,  appears  in  malignant  tumours  which  are  accompanied  by 
local  destruction  of  tissue  and  metastases.  It  is  probably  caused 
mainly  by  poisons  which  are  formed  directly  by  the  malignant  tnmoura 
{see  also  page  833).  Eojiimelaire  ami  Itanzier  have  found  that  the 
excretion  of  urea  is  diminished  in  all  malignant  tumours,  and  may 
ultimately  become  less  than  twelve  grammes  pro  (He.  The  degree  and 
rapidity  of  development  of  the  cachexia  depend  upon  the  location  of 
the  tumour,  its  condition  (ulceration,  necrosis,  htemorrhage i,  and  the 
age  and  constitution  of  the  patient.  Tlie  degree  of  malignancy  varies 
considerably.  Some  malignant  lumonrs,  like  epithelioma  of  the  lip  and 
the  fiat  skin  cancer  {nl<:u»  r<fhris\  spread  but  slowly  to  the  nearest  lyinph 
glands,  while  others — carcinomata  and  sarcomata,  for  iniitfluce — go  on 
very  rapidly  to  the  formation  of  metastases  in  internal  organs.  Tlie 
above-mentioned  gradual  diminution  in  the  excretion  of  nitrogen, 
which  is  met  with  in  malignant  tumours,  may  occasionally  have  great 
value  in  determining  the  need  and  prognosis  of  surgical  interference, 
especially  if  the  decrease  in  the  amount  of  urea  is  marked,  in  which 

B  operative  procedure*  are  coutraindicated. 
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The  Possibility  of  curing  Xalignant  Tnmoon  {Carcinoma  andSar- 
coma). — A  variety  of  statements,  based  upon  statistics,  have  been  pub- 
lished relating  to  the  curability  of  the  malignant  tumours.  Figcher 
and  Meyer  have  written  an  especially  interesting  article  on  tbis  subjat. 
Of  two  hundred  and  ninety-eight  cases  of  maUgnant  tumours  operated 
upon  by  Rose  in  the  hospital  at  Zurich  between  1867  and  1878,  Meyer 
was  able  to  get  reliable  returns  from  sixty-four.  Of  these  sixty-fonr, 
twenty-two  were  alive  in  1887  \^dthout  recurrence,  and  showed  a  period 
of  exemption  varying  from  nine  years  and  seven  months  to  twenty 
years  and  three  montbs.  Nineteen  died  without  recurrence,  the  period 
of  exemption  varying  from  one  and  a  half  to  sixteen  years.  In  the 
remaining  five  patients  the  cause  of  death  could  not  be  ascertained. 
Among  the  cases  of  cure  were  some  exceedingly  serious  ones,  involv- 
ing very  extensive  operations,  with  removal  of  recurrent  tumours  and 
diseased  lymphatic  glands.  Sarcoma,  cysto-sarcoma,  and  fibro-sarcoma 
showed  the  longest  period  of  exemption,  while  carcinoma  showed  the 
fewest  instances  of  permanent  cure.  In  rare  cases  of  sarcoma  of  the 
skin  and  multiple  melanosarcoma,  spontaneous  retrograde  chan^^es 
have  been  observed  which  have  resulted  in  the  complete  and  perma- 
nent disappearance  of  the  tumours  (Hardaway,  author). 

Diagnosis  of  Tumonrs. — The  diagnosis  of  tumours  is  not  always  easr. 
By  means  of  inspection,  palpation,  and  examination  of  the  subjective  symp* 
toms  we  try  to  form  as  correct  an  idea  as  possible  of  the  location  and  struc- 
ture of  the  tumour.  The  location  of  a  neoplasm  often  enables  us  to  deter 
mine  its  nature.  Frequently  a  differential  diagnosis  must  be  made  between 
an  inflammatory  process  and  a  new  growth  (see  page  252,  Diagnosis  of  In- 
flammation). In  doubtful  cases  puncture  with  a  hypodermic  needle  may  be 
necessary.  It  is  important  to  determine  before  the  operation  whether  the 
tumour  is  benign  or  malignant,  in  order  to  decide  upon  the  kind  of  operation 
to  pursue.  In  suitable  cases — for  example,  in  growths  within  the  larynx 
probably  carcinomatous  in  nature — parts  of  the  tumour  are  removed  and 
examined  microscopically.  Syphilis,  tuberculosis,  and  other  chronic  infec- 
tious diseases  must  always  be  considered  in  making  a  differential  diaguosis. 
as  a  large  number  of  the  connective- tissue  tumours — such  as  certain  so-called 
sarcomata  of  muscle,  many  spindle-celled  sarcomata,  neuromata,  keloids, and 
malignant  lymphomata  (Esmarch) — are  gummata,  and  can  be  cured  by  an 
antisyphilitic  treatment.  Some  tumours,  particularly  the  cystic  variety,  are 
translucent.  This  translucency  can  be  made  out  by  allowing  the  light  from 
an  electric  lamp,  for  instance,  to  pass  through  the  tumour. 

General  Treatment  of  Tumours.— The  general  rule  in  regard  to  the 
treatment  of  tumours — which  we  shall  later  discuss  more  fiillv  i^ 
speaking  of  the  individual  tumours — is  that  they  should  be  removed  a» 
quickly  and  as  thoroughly  as  possible.  The  sooner  a  malignant 
tumour  is  radically  excised  the  better  is  the  prospect  of  a  complete 
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manent  cure.  The  possibility  of  the  total  removal  of  a  tumour 
ends  upon  its  location  and  the  kind  of  organ  involved.  In  malig- 
t  tumours,  especially  carcinoma,  the  neighbouring  lymph  glands 
uld  also  be  removed,  even  though  they  are  not  diseased,  and  after 
ry  amputation  of  the  breast  for  carcinoma  the  lymphatic  glands 
surrounding  fat  in  the  axilla  must  likewise  be  extirpated.  The 
loval  of  tumours  is  accomplished  usually  by  the  knife,  though  occa- 
lally  by  the  galvano-  or  thermo-cautery,  red-hot  iron,  ligature, 
uementj  etc;,  methods  all  of  which  have  been  sufficiently  described 
5§  24-44. 

In  proper  cases  P6an  recommends  the  removal  of  the  tumour  in 
?e8  ipiorceUement).  The  method  consists  mainly  in  first  rendering 
tumour  as  bloodless  as  possible  by  the  use  of  differently  formed 
nps  applied  around  its  circumference,  after  which  the  growth  is 
ised  in  portions,  and,  if  possible,  the  wound  is  sutured  while  the 
nps  are  still  in  place.  The  latter  can  then  usually  be  taken  off  and 
wound  dressed.  In  other  cases  Pean  leaves  the  forceps  in  position 
twelve  to  forty-eight  hours.  An  almost  bloodless  operation  can 
8  be  performed  even  in  the  case  of  very  vascular  tumours. 
The  encapsulated,  myelogenic,  giant-celled  sarcoma  of  bone  can  in 
able  cases  be  removed  by  cutting  away  only  the  anterior  half  of  the 
ly  capsule  by  means  of  the  chisel  and  hammer,  or  the  saw,  and  then 
Bfully  scraping  out  the  tumour  mass  with  a  sharp  spoon.  Nussbaum 
lately  made  use  of  the  thermo-cautery  for  the  destruction  of  malig- 
it  tumours  like  cancers.  By  circumcision  with  the  thermo-cautery 
3ases  of  inoperable,  malignant  neoplasms,  the  patient  can  be  helped 
y  materially ;  the  growth  of  the  tumours  is  thus  diminished,  the 
n  caused  to  disappear,  and  any  carcinomatous  ulcerations  are  im- 
>ved  and  their  decomposition  checked.  In  cases  of  sloughing,  in- 
jrable  carcinomata,  the  removal  of  the  softened  portions  with  the 
rp  spoon  and  the  subsequent  application  of  the  thermo-cautery  give 
d  results.  In  the  case  of  inoperable  ulcerating  carcinomata  and 
*omata,  the  use  of  different  caustics,  in  the  form  of  caustic  salves, 
example,  is  to  be  recommended. 

Many  attempts  have  been  made  to  destroy  tumours,  especially  in- 
t^ble  sarcoma  and  carcinoma,  lymphoma  and  myoma,  by  means  of 
inchymatous  injections  of  absolute  alcohol,  tincture  of  iodine, 
>tine,  acetic  acid,  nitrate  of  silver,  arsenic,  turpentine,  osmic  acid, 
Bphorus,  etc.  Turpentine  is  injected  with  equal  parts  of  absolute 
hoi,  or  one  part  of  turpentine  to  two  parts  of  alcohol,  from  a  half 
I  whole  hypodermic  syringeful  about  every  ten  to  fourteen  days. 
8  is  usually  followed  by  the  formation  of  abscesses  which  cause  a 
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variable  amount  of  shrinkage  in  the  size  of  the  tumour.  Three  drops 
of  a  one-per-cent.  Bolution  of  oemtc  acid  are  iujeeled  every  day.  Ar- 
eeuic  can  be  given  in  the  form  of  Fowler's  Bolutibn,  either  intemalij 
or  Bubcutaneously.  Internally  one  begins  with  two  drops  daily,  ami 
increadcs  the  dose  two  to  three  dropa  every  third  day.  About  two 
drops  of  Fowler's  solution,  undiluted,  are  injected  into  the  tumour 
daily,  or  ten  drops  of  the  undiluted  eolutiou  once  a  week.  The  solu- 
tion may  be  diluted  two  or  three  times  for  susceptible  patients.  A 
vigorous  arsenic  treatment  is  to  be  recommended  in  the  case  of  inoper- 
able carcinomata,  and  particularly  Barcomata,  Mosetig-JIoorhof  finds 
the  parenchymatous  injection  of  aniline  dyes  (pyoktannin,  methyl 
■violet,  1  to  5o0)  very  useful  in  malignant  tumours  (carcinoma  and 
sarcoma),  bnt  the  success  which  he  has  reported  has  not  been  ex- 
perienced by  other  surgeons  (Billroth);  on  the  contrary,  bad  results, 
such  as  premature  softening,  breaking  through  of  the  skin,  slougli- 
iug,  etc.,  were  obtained.  In  cases  of  inoperable  tumours  erysipelas 
has  been  inoculated  by  means  of  cultures  of  the  erysipelas  coccus,  after 
Busch  had  observed  that,  as  a  result  of  erysipelatous  inflammation, 
tumours,  such  as  sarcoma  of  the  face  or  neck,  disappeared  by  fatty 
degeneration.  Janicke  and  Neisser  were  able  to  demonstrate  by 
microscopic  examination,  in  a  case  of  carcinoma  with  fatal  erysipelas 
due  to  inoculation,  that  the  cancer  cells  are  actually  destroyed  Iiy  the 
erysipelas  cocci.  One  should,  however,  take  into  account  that  such  an 
inoculation  may  cau»e  death,  and  hence  one  should  warn  the  patient 
of  the  danger  of  the  treatment.  For  a  description  of  Emmerich's  ery- 
sipelas serum  in  connection  with  malignant  tumours,  see  page  824.  A 
number  of  cases  have  been  reported  in  which  there  has  been  improve- 
ment— usually  a  temporary  one  only — after  the  use  of  this  serum 
(diminution  in  the  size  of  the  tumour,  cesaation  of  the  pain,  improve- 
ment in  the  general  condition,  etc.).  Coley  employs  for  sarcoma  a 
muture  of  the  toxinea  of  the  streptococcus  and  Bacillus  produjioau*, 
which  he  injects  into  the  tumonr  and  iuto  other  parts  of  the  body. 
The  cultures  are  made  in  the  same  nutritive  medium  (hoaillon);  the 
Bacillus prodigiimi^  is  added  ten  days  later,  and  then  in  ten  days  more 
the  combined  culture  is  sterilised  by  heating  it  to  a  temperature  of 
58.6°  C.  Coley  employs  filtered  cultures  only  in  children  and  weakly 
individuals;  they  are  from  ten  to  fifteen  times  weaker  than  the  nnfil- 
tered.  He  begins  with  the  injection  of  0.32  cubic  centimetres.  The 
action  of  the  toxines  upon  malignant  tumours,  particularly  sarcomata, 
is  said  to  consist  in  progressive  coagulation  necrosis,  with  fatty  degen- 
eration. The  method  is  only  dangerous  in  case  too  large  doses  are 
used  or  the  asepsis  is  faulty.     Out  of  two  hundred  cases  Colej-  lost 
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two  in  consequence  of  tbe  treatmeTit.  Tliis  form  of  treatment  should 
only  ije  used  in  inoperable  malignant  tumours,  and  perhaps  after  the 
first  operation,  for  the  prevention  of  recuiTences.  Sarcomata,  particu- 
larly of  the  spindie-celJed  variety,  react  best  to  the  treatment;  while 
in  carcinoQiata  no  improvement  was  found  to  take  place.  Coley's 
method  has  been  used  bj  Bruns,  Czerny,  Riehet,  Fedorow,  the  author, 
and  others,  usually  with  negative  results.  Coley  has  reported  on  one 
hnndred  and  forty  cases  of  inoperable  earcomata  which  were  treated 
by  himself  and  others;  out  of  eighty-four  round-celled  earcoinata, 
three  were  cured  (period  of  cure  one  to  three  years) ;  out  of  twenty- 
one  spindle- celled  sarcomata,  ten  disappeared  entirely,  and  in  three 
cases  a  recurrence  took  place  after  nine  months  to  a  year  and  a  half. 
Melanomata  were  not  cured.  Peter&on  has  reported  the  results  in 
Czerny's  clinic :  out  of  twenty-seven  cases  (ten  carcinomata  and 
seventeen  sarcomata)  which  were  treated  with  Coley's  serum,  and 
seven  carcinomata  treated  with  the  serum  of  Emmerich  and  ScholJ, 
a  marked  degeneration  of  the  tumour  occurred  in  one  case  only  (a  sar- 
coma of  the  parotid).  This  tumour  had  l>een  regarded  as  inoperable, 
but  subsequently  the  portion  that  was  left  could  be  easily  extirpated. 
In  the  other  cases  Czerny,  like  myself,  observed  only  a  temporary  and 
partial  softening  in  conseijuence  of  fatty  degeneration  of  the  cells, 
with  osdematous  infiltration  of  the  tumour.  In  some  cases  the  pain 
became  less,  the  ulceration  diminished,  etc.  Occasionally  the  breaking 
down  in  the  central  portion  of  the  tumour  is  accompanied  by  increased 
growth  at  the  periphery.  The  effects  of  the  toxines  upon  the  general 
system  are  sometimes  dangerous;  the  cultures  of  the  Bm-iUas  pro- 
di^osHu  have  a  deleterious  effect  upon  the  heart,  and  those  of  the 
etreptococcus  sometimes  cause  irritation  of  the  kidneys.  In  a  numlier 
of  cases  I  observed  high  fever  and  marked  emaciation.  Riehet  and 
Hericourt  have  injected  serum  from  animals  inoculated  with  fluid 
obtained  from  sarcoma  or  carcinoma,  and  also  serum  from  uninocnlated 
animals  which  did  not  have  as  toxic  an  action.  lioth  kinds  of  serum 
were  found  to  cause  only  a  diminution  in  the  size  of  the  tumours. 

The  man  who  succeeds  in  discovering  a  really  successful  method  of 
treating  malignant  tumours — carcinomata,  for  example — would  deserve 
to  be  honoured  by  humanity  for  all  time  as  being  its  greatest  bene- 
factor. 

§  128,  The  Different  Varieties  of  Tnmoara.  C(/ii7ie<.'tive-tis«Hf  7m- 
rrufitrs ,'  FViri>7ii<t.—0l  the  different  varieties  of  connective -tissue 
tumours,  we  shall  first  take  up  the  fibroma,  which  is  made  up  almost 
entirely  of  this  kind  of  tissue.  Wo  distinguish  ordinarily  a  hard  (Fig. 
467)  and  a  soft  (Figs.  468,  469)  form.     The  hard  fibroma  is  made  up, 
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as  a  rule,  of  bundles  of  tough,  coaree  fibres  with  few  cells,  while  ttw 
soft  form  consists  of  loose  connective  tissue  having  a  great  nunikrof 
cells.  There  are,  of  conrse,  numerous  transition  forms.  Tbe  soft 
fibroma  (fibroma  moUe)  is  also  called  tibrona 
moUnscum  (Figs.  468,  -^69,  470).  The  vawii- 
larity  of  the  fibromata  varies  greatlr,  being 
sometimes  very  slight,  and  again  so  marked  u 
to  gire  rise  to  large  dilatations  of  the  blood  aid 
Ijmph  vessels,  as  in  the  diffuse  hyperpjaeig  of 
tisBue  found  in  elephantiasiB.  Fibroma  mol- 
luscum  must  not  be  confounded  witb  tlie  so- 
called  moUuBcum  contagiosum  (see  page  S('9i. 
Tbe  retrograde  changes  that  take  plaw  in 
fibromata  are  fatty  degeneration,  calcitication, 
softening,  the  formation  of  cavities  and  cTt-u, 
and  a  perforation  of  the  skin  with  the  forau- 
tion  of  ulcers  aa  a  result  of  long-continued  traumatic  irritation  from 
without,  and  of  inflammation  leading  to  the  formation  of  absreeae^ 
The  fibroma  only  becomes  dangerons  from  its  location  and  6ize,ilie 
latter  being  sometimes  very  great,  particularly  in  the  case  of  libroma 
of  the  skin  or  uterus  (Fig.  470).  In  other  respects  the  fibroma  is » 
perfectly  benign  neoplasm,  giving  rise  to  no  metastases,  although  it  ii 
found  multiple,  especially  in  the  skin, 
where  it  may  appear  in  vast  numbers. 
The  multiple  fibromata  of  the  skin  (Fig. 
470)  may  be  the  size  of  a  pea  or  wal- 
nut, or  they  may  grow  and  form  very 
lai^e  soft  tumours;  they  are  sometimes 
accompanied  by  disturbances  of  the  gen- 
eral nutrition  (so-called  leontiasis,  Yir- 
chow).  I  cannot  discuss  here  the  qncs- 
tiori  (see  §  iSo)  whether  in  such  cases  we 
do  not  really  have  to  do  with  lejiroiiy. 
According  to  the  investigations  of  Reck- 
linghausen, the  multiple  soft  fibromata 
of  the  skin  develop  iiartieulariy  from 
the  connective-tissue  sheatlis  of  the  seba- 
ceous glands,  vessels,  and  nerves  (neuro- 
tibroruaV  Many  soft  fibromata  are  dif- 
fuse, hyperplastic  formations,  and  represent  a  transition  to  elepliantia.-is- 
as  seen  in  Fig.  4tiS.  These  formations  are  sometimes  calle<l  cutis  yeo- 
dula  or  elepltantiasis  of  the  skin.    There  are  also  observed  in  MnK 
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eea  pigmeatations  which  take  the  form  of  congenital  moleB,  or  of 
ttwn  discolorstions  with  a  growth  of  hairs  (see  Angeioma,  page  790). 
any  of  the  soft  fibromata  are  transition  forms  of  augeiomata,  carern- 
uata,  and  lynipliangeiomata.  Jaet  as  in  the  skin,  there  are  also 
und  in  the  internal  organs  diffuse  fibromata,  which  in  these  stmc- 
res  likewise  develop  from  the  connectiTe-tissue  sheaths,  especially  of 
e  glandular  ducts  and  vessels;  among  these  is  the  intercanicnlar 
>roma  of  the  mammary  gland. 

Keloid. — In  speaking  of  the  hard  fibromata,  mention   should  be 
Ade  of  the  keloid,  L  e.,  a  tumour-like,  fibrous  degeneration  of  the 
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in  and  subcutaneona  tissue  in  the  form  of  a  tough  swelling  which 
"ds  out  cord-like  processes  into  the  liealthy  siirronnding  parts.  In 
far  the  majority  of  cases  the  keloid  develops  within  a  cicatrix 
catricial  keloid).  M'e  distinguish,  as  do  Warren,  Kaposi,  Den^riaz, 
d  others,  three  forms  of  keloid  :  (1)  a  spontaneous,  (2)  a  cicatricial 
loid,  and  (3)  the  hypertrophied  cicatrix.  Scrofulous,  tubercular,  and 
philitic  individuals  seem  especially  prone  to  keloid.  Den^riaz  is  dis- 
sed  to  think  that  keloid  is  caused  by  infection  with  microt>es.  It  is 
4racteristic  of  keloid  to  recur  almost  invariably  after  extirpation, 
loir  and  Vidal  recommend,  in  true  keloid,  multiple  scarifications, 
'ich  ehoald  be  made  in  different  directions  during  several   sittings, 


and  followed  by  the  application  of  a  moist  dressing  with  eomprteSM 
wet  ill  boric-aeid  solution,  and  on  the  next  day  of  a  mercurial  plaster. 
il&tie  repwrts  good  results 
from  the  injection  of  iii 
per  cent,  creosote  oil. 

Fibromata  are  most 
commonly  fonnd  in  the 
ekin  and  subcntaneons  tis- 
sae,  in  the  nerves,  perios- 
teum, bone,  nteniB.  mi 
o  varies.  Some  of  tbe  poi- 
yps  which  form  in  ibe 
facial  cavities — manj  na- 
sal polyps,  for  example— 
are  periosteal  fibromata. 
There  are  sometiiue«  te^ 
especially  in  the  pharjni, 
polyps  which  are  covered 
with  hair  and  possess  an 
epidermis,  rete  Malpigbii, 
and  corium,  and,  accord- 
ing to  Arnold,  originflie 
from  strayed  etnbryonic 
cells.  They  belong,  prob- 
ably, to  the  teratomata  (see  page  828).  Combination  or  mixed  fibrous 
tumours  include  fibro-myxoma,  fibro-myoma,  fibro-aarcoma.  fibro- 
neuronis,  fibro-angeioraa,  fibro-cavernoma,  fibro-lymphangeionia. 

Tbe  diagnosis  of  fibroma  can  be  easily  made  from  what  we  hate 
stated  in  describing  the  neoplasm. 

Treatment  of  Fibroma. — The  treatment  of  a  fibroma  consists  in  its 
removal  by  the  knife,  the  galvano-cantery,  or  the  thermo-caaterr. 
Large  diffuse  fibromata  of  the  skin  are  to  be  extirpated  in  several  sil- 
tingd  by  cuneiform  excisions  followed  by  deep  sutures.  Billroth  once 
removed  a  large  tumour  in  twenty  sittings.  I  removed  an  extensive 
diffuse  fibroma  involving  almost  the  entire  scalp  in  one  sitting,  si'l 
covered  tbe  surface  of  the  wound  with  Thiersch  skin  grafts.  Incase 
of  very  large  fibromata  of  the  uterus  one  must  often  give  up  ali  id« 
of  extirpation,  and  use  injections  of  ergotine,  or,  in  order  to  stop  ''* 
frequent  hfemorrhages,  remove  both  ovaries  (Hegar),  The  deBcripw" 
of  operations  for  fibroma  of  the  uterus,  etc.,  is  found  in  the  Kegioi* 
Surgery. 

Fibromata  of  nerves  can  usually  be  removed  and  the  continnitT ^J' 
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the  nerve  preserved  (see  Neuroma),  If  the  nerve  cannot  be  aaved,  the 
nerve  stuuipe  can  sometimeB  be  united  after  the  extirpation  of  the 
tumour  by  suture,  or  by  the  use  of  the  neuroplastic  methods  described 
on  pages  484-487. 

Hyzomo. — The  myxoma  is  made  up  of  a  soft,  gelatinous  tissue. 
The  microseopic  examination  sliows  the  presence  of  a  mucoid  ground 
fiubstance  with  a  fibrillar  framework  and  round,  spindle-shaped  or  star- 
shaped  cells.  The  latter  liave  usually  many  branches  and  processes 
which  interlace  with  one  another  (Fig.  471}.  Koster  has  denied  that 
the  myxoma  is  a  special  form  of  tumour,  and,  as  a  matter  of  fact,  it  is 
possible  to  look  upon  it  as  in  the  main  a  softened,  cedematous  fibroma 
or  lipoma  (myxo-fibroma,  myxo-lipoma).  Myxomatous,  softened  areas 
are  often  found  in  cartilaginous  tumours. 

The  myxomata  are  met  with  most  commonly  in  the  skin  and  sub- 
cutaneous tissue,  in  the  periosteum,  medulla  of  bone,  fascite,  muscular 
sheaths,  nerves,  and  in  the  brain  and  its  coverings.  The  myxoma  is, 
generally  speaking,  a  benign  tumonr,  but  metastases  and  transitions  to 
sarcoma  do  occur.     They  sometimes  attain  a  very  large  size. 

The  treatment  of  a  myxoma  consists  in  its  removal  according  to 
the  above  rules. 

Lipoma. — The  lipoma  (fatty  tumour)  is  a  lobulated  tumour  made  up 
of  fatty  tissue,  sometimes  soft  and  sometimes  firm  in  consistence.     The 
lipomata  are  either  circumscribed  or  diffuse  growths,  and  frequently 
possess  a  pedicle.     According 
to    their   location,   there    may 
be  distinguished  cutaneous  and 
sahcntaneous,    subserous   (sub- 
peritoneal), subsynovial,  subniu- 
cooB,  and   inter-   or  intramus- 
cular (subfascial,  peritendinous)  .   ^.—..^^V";   -^^ 
lipomata.     The  lobes  of  fat  of       ''-'^',C^^^^  -i  ^::^.x _    ' 
which  the  lipoma  is  made  up         ^^  ^  J'^^^Sm^^        "i 
are   usually   held    together   by  ';^  x^  - 
bands  of  connective  tissue.     In-                     '      ' 

,  .         *      ■!_  P">.  471.— CeUit  from  a  DiTioma  of  tlie  cervicdl 

creased     development    ot    the  fnsK\».    -  aw. 

stroma  gives  rise  to  the  lipoma 

fibroeum.  In  some  instances,  especially  in  the  region  of  the  neck  and 
"Jionlder,  very  diffuse  lipomata  are  found,  (jrowth  of  the  fatty  villi 
in  the  joints,  of  which  the  knee  is  a  prominent  example,  gives  rise  to 
the  lipoma  arborescens.  Similar  diffuse  lipomata  are  found  on  the 
tendon  sheaths.  The  articular  lipomata  probably  develop  as  a  result 
^  traumatic  mptures  of  the  synovial  membrane,  causing  a  prolapse  of 
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the  retroBynovial  fat  into  the  joint ;  tliey  are  aUo  encountered  in  ar- 
thritis deformans,  chronic  rbeutnatisin,  Byphilltic  arthritis,  etc.  TLe 
lipoma  arborescens  of  joints  sometimee  forms  a  transitioQ  to  fibroma 
arborescens  (Sokolofi).  The  EQbperi- 
totieal  and  submucoas  lipomata  wbich 
develop  npon  the  stomach  and  icte^- 
tine  are  of  special  clinical  importance. 
The  lipomata  of  the  intestine  occasion- 
aWy  gife  rise  to  intestinal  ohstmction. 
According  to  Sutton,  two  forms  of 
lipoma  are  found  attached  to  the  Gpioal 
cord.  In  most  cases  thej  are  the  re- 
sult of  the  change  of  the  sac  of  a  epioa 
bifida  into  fattj  tisene ;  less  f reqnenllj 
they  are  intradural  lipomata  whirb 
grow  around  the  spinal  cord.  The 
lipomata,  as  we  remarked  before,  some- 
times change  into  fibromata,  mjiom- 
ata,  sarcomata,  and  cavernous  tnutonrs. 
Thej  may  attain  an  enormouB  ^ 
eBpecially  when  situated  on  the  back, 
and  growtlie  of  this  kind,  weighing 
twenty  to  forty  pounds,  have  been  enc- 
cessfully  removed  (Billroth,  Habn,and 
others).  Pick  published  an  account  of 
a  subserous  lipoma  of  the  abdomen 
weighing  twenty-nine  pounds.  Tbe 
lipoma  ie  a  benign  tumour,  and  does 
not  give  rise  to  metastases,  thongb  it 
is  sometimes  mnltiple.  As  manr  at 
thirty  to  forty  lipomata  have  been  observed  on  different  parts  of  tbe 
body,  particularly  in  fat  individuals.  They  are  most  likely  to  develop 
in  individuals  from  thirty  to  fifty  years  of  age,  but  are  sometime 
congenital,  in  which  case  they  are  usually  diffuse,  often  combined  ifitf' 
telangeieetases,  dermoid  cysts,  and  fibromata,  and  occur  priucii>«llv  i" 
tbe  lumbar  region  and  on  the  buttocks.  The  so-called  "falEc  tail"  ■* 
merely  a  congenital  lipoma  pendulum  which  is  situated  above  tLeanns, 
and  may  occasionally  be  combined  with  spina  bifida  (Bartela). 

Quite  recently  Groach  has  published  the  resultsofverj- exhaustive  siui'''* 
OH  tliis  tumour,  which  place  the  seemingly  simple  lipomata  iu  a  new  lif^^ 
He  lias  attoiopled  to  show  that  certain  tumours  are  prone  to  develop  ujwo 
piiiticiihir  |wirtH  of  the  body,  uiuinty  ou  account  of  detiuite  anatomical  wo^' 
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tions  aud  structural  peculiarities  wliicli  these  parts  possess,  The  lipuniuta 
ti|>pe8i'  to  have  a  specially  inarkeil  teudeiicy  to  grow  in  certain  localities, 
being  njost  cornmuu  on  the  front  and  back  of  the  neck,  on  the  jHwiterior 
ast)ect  of  the  trunk,  about  tlie  shoulder,  and  on  the  upjwr  and  lower  extrenii* 
ties.  Tiiej-  are  seldom  encountered  on  the  head,  and  then  more  often  on  tlie 
face  than  on  the  scalp,  being  rarest  in  the  latter  region  (Konig,  Guesen- 
bauer).  Grosch  states  that  they  occur  most  commonly  in  the  integument  of 
those  parl£  of  the  body  which  have  a  scanty  covering  of  hair  Hud  a  aniatl 
number  of  sweat  and  sebaceous  glands.  These  glands  eliminate  fats  and  their 
derivatives  in  addition  to  disintegrated  products  of  metabolisni.  and  hence 
the  amount  of  their  secretion  is  an  important  indeic  of  the  amount  of  the 
subcutaneous  fat.  Obesity  and  lipoma  formation  are.  according  to  Orusch, 
quite  identical.  In  many  cases,  particularly  in  thin  individuals,  the  lipom- 
ata  are  neuropathic  in  nature,  and  possibly  are  tlie  result  of  a  diminution 
in  the  secretion  of  tlie  sebaceous  and  sweat  glands  due  to  disturbances  in 
the  central  nervous  system.  Symmetrical  lipomata.  in  jjarticular,  result 
in  this  way. 

The  diagnoBis  of  a  lipoma  is  imide  cbieflv  from  ite  soft,  movable, 
lobulated  character.  If  pressure  is  exerted  upon  the  tumour,  as  a  rule 
there  will  be  felt  a  distinct  crepitation  caused  by  the  crushing  of  single 
lobes  of  fat.  The  skin  over  tlie  lipoma  shows  little  shallow  depressions 
which  are  [jartieularly  plain  when  the  tumour  is  encircled  by  the  liapd. 

The  extirpation  of  lipomata  by  tlie  knife  and  scissors  is  very  easy 
even  in  the  ease  of  large  tumours.  In  the  case  of  large  pedunculated 
lipomata  it  may  be  advisable  to  tic  rubber  tubing  about  the  pedicle 
or  apply  a  clamp  for  the 
purpose  of  arresting  the 
hemorrhage  more  effect- 
ually. 

Chondroma  or  Encfaon- 
droma.  —  Tlie  eliondroma 
coiiiiifits  csfientially  of  car- 
tilage, most  commonly  hya- 
line, less  often  fibrous  or 
reticular.  The  cells  which 
this  kind  of  tumour  con- 
tains may  be  small  (Fig. 
473)  or  large  {Fig.  474), 
and  their  quantity  varies  within  wide  limits.  Tlie  enchondromata  are 
most  often  encountered  in  places  where  cartilage  normally  exists — 
hence,  upon  the  skeleton  (epiphyses,  periosteum,  medulla  of  bones) — 
though  Itiey  are  also  met  with  in  the  parotid  and  thyroid  glands, 
mamma,  and  testicle.  The  enchondromata  of  the  skin  and  internal 
organs  develop  partly  from  stray  cartilage  cells  and  partly  from  trans- 
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formeil  coimec-tive-tiseiie  cells,  especialiv  the  enclotlielia  of  the  connec- 
tive-tieeue  sheaths  and  of  the  hlood  and  Ivinph  vessels.  Tliua  cliomlro- 
euilotheliornata  are  sometimes  seen.  The  enchondromata  which  i^row 
directly  from  cartilage^that  of  the  epiphyseal  line,  for  example — am 
aleo  called  ecchondroses.  Lilte  the  exostoses,  the  enehondromata  are 
often  multiple,  and  appear  in  great  numhers.  Very  remarkable  cajses 
of  multiple  enchondroinata  of  different  bones,  comhiiied  with  venous 
angeiomata  of  the  soft  parts,  have  been  described  by  Kast,  Reckling- 
hausen, and  others.  Probably  both  kinds  of  tumours  were  the  result 
of  disturbances  of  circulation  or  of  an  abnormal  congenital  displace- 
ment of  tissue  cells.  The  angeioma  formation  might,  however,  be  a 
secondary  niaiiifeBtation,  Enehondromata  are  comparatively  often  the 
seat  of  degenerative  changes,  such  as  myxomatous  softening  and  cyst 
formation.  The  moat  important  mixed  forms  of  chondroma  are  the 
osteochondroma  and  chondrosarcoma.  Chondromata  may  eventually 
•become  entirely  ossified.  I  have  also  seen  a  chondroma  combined  with 
a  melanosarcoma — on  the  hand,  for  example.  The  simple  enchondroma 
is  in  general  a  benign  neoplasm,  but  malignant  forma  with  metastases 
do  occnr.  It  is  most  often  found  in  young  subjects.  The  tumours 
attain  at  times  a  very  considerable  size,  especially  when  situated  npon 
the  pelvis  or  the  femur.  A  favourite  locality 
for  enehondromata  is  the  fingers,  where  they 
form  characteristic  nodular  tumours  (see  Fig. 
4T5).  They  may  also  originate  from  cartilage 
cells  in  the  ethmoid  bone,  and  grow  as  an 
usteochondroma  or  cartilaginous  exostosis  into 
the  frontal  sinus  and  nasal  cavity.  The^e 
osteoclioudromata  or  exostoses  of  the  frontal 
sinuses  and  nasal  cavity  can  become  detached, 
and  are  then  found  in  these  cavities  in  the 
form  of  free  bodies  or  dead  osteochondroraata 
or  osteoinata.  I  have  published  a  typical  case  of 
this  kind.  The  frequency  with  which  enehon- 
dromata or  ossified  chondromata  (exostoses)  of 
the  ethmoid  bone  occnr  can  be  explained  by  tlie 
fact  that  renmants  of  the  cartilaginous  cranium 
remain  in  this  locality  for  a  comparatively  long 
time.  Degenerative  changes — i.  e.,  cystic  soft- 
ening of  enehondromata— sometimes  give  rise 
to  ehondrocystomata,  chondroflbrocystomata  or  osteocystomata,  which 
resemble  sarcomata  somewhat  clinically,  bnt  are  usually  perfectly  benign 
ajid  can  be  completely  cured  by  extirpation  (see  page  "SS). 
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Tlie  location  and  the  hard  nodular  consistency  of  the  tumoare  are 
portant  factors  in  making  the  dJagnoeie.  The  treatment  consists  in 
■ir  prompt  removal  with  the  hammer  and  cbieel. 

Otteom& — The  osteoma  is  a  tumotir  made  up  of  bone,  and  ocenrs 
;  only  upon  the  skeleton,  bnt  also  in  the  skin,  mnsclcs,  tendons, 
,gs,  parotid  gland,  and  brain.  We  have  already  spoken  of  diSuBe 
1  circumscribed  osteomata  —  the 
iterostoseB  and  osteophytes  —  in 
inection  with  inflammations  of 
le  (see  page  6+4),  and  of  the  so- 
led "  riding  "  or  "  exercise  "  bones 
ich  develop  in  the  muscles  (see 
re  571),  and  of  the  diffuse  forma- 
3  of  bone  whicli  takes  place  in 
oeitis  ossificans  progressiva  (see 
re  5  72).  The  development  of  bone 
:iBsnes  where  bone  is  normally  not  Fio.  476.— eimioiu  of  tiir  fvmur .  BuKh). 
«ent  is  caused  by  cells  of  carti- 

e,  perioetcum,  or  marrow,  which  have  strayed  during  festal  life  or 
re  become  separated  by  traumatism.  Osteomata  also  frequently 
jear  upon  bones  after  fractures.  I  once  eucceesfully  removed  such 
)ne,  almost  as  large  aa  a  fist,  from  the  horizontal  and  descending 
oas  of  the  pubic  bone,  where  it  had  followed  a  fracture,  il.  Lange 
I  reported  an  interesting  case  of  multiple  exostosis  formation  caused 

an  ossifying  myositis  due  to  multiple  fractures  of  both  femurs  and 
the  pelvis  (see  page  607,  Fig.  403). 

The  osteomata  situated  on  the  surface  of  bones  are  also  called  exos- 
es  (Fig.  476),  and  those  in  the  interior  of  bones  enostoses.  The  exos- 
es  which  are  developed  in  the  periosteum  are  sometimes  very  mov- 
e,  and  do  not  have  a  direct  connection  with  the  bone.  Their  stnic- 
e  is  in  some  cases  as  compact  as  ivory  (osteoma  ebunieuni),  and  in 
ler  eases  spongy  (osteoma  spongiosum).  Many  osteomata  have  a 
^ering  of  cartilage  (exostosis  cartilaginea),  and  this  is  especially  true 
the  exostoses  in  the  neighbourhood  of  the  epiphyseal  cartilage,  which 

really  ossified  enchondromata  or  ecchondroses  (ecchondroi^ia  os^ifi- 
ib).  The  cartilaginous  exostoses  (osteomata  with  a  covering  of  hya- 
3  cartilage)  are  sometimes  styloid  or  finger-shaped,  and  resemble  a 
tacarpal  or  metatarsal  lione.  These  cartilaginous  exostoses,  or  rather 
ified  chondromata,  are  often  multiple,  occurring  in  the  neighbonr- 
m1  of  the  epiphyses  of  many  different  bones  in  the  same  individual, 
casionally  the  influence  of  heredity  is  very  noticeable.  Heymann 
served  multiple  cartilaginous  exostoses  on  many  of  the  bones  of  a 


pbtiiisical  patient  whose  niothur  and  fuur  brothers,  as  well  as  bis  three 
chilUreD,  all  had  a  eimilar  peeuliarity.  Ileinecke  collected  thirty-sis 
cases  of  multiple  exostoses  from  literature,  in  whieh  the  hereditary  pre- 
disjwsition  eoidd  be  traced  back  in  one  case  five  generations,  in  fifteen 
cases  thiee  generations,  and  in  twelve  cases  two  generations.  In  such 
instances  the  development  uf  the  exostoses  is  due  to  an  inherited  pre- 
disposition, and  begins  usually  in  the  third  or  fourth  year  of  life.  In 
rare  cases  these  multiple  cartilaginous  exostoses  that  are  found  on  dif- 
ferent jmrta  of  the  body  disappear  gradually  of  themselves,  while  others 
remain  unchanged  (Kartmann). 

By  eMintointt  bursata  is  meant  an  exostosis  which  is  covered  by  a 
bnraa.  It  develops  principally  in  the  joints,  from  the  articular  carti- 
lage, and  pushes  the  synovial  membrane  before  it.  The  ]>ocket  thus 
mode  in  the  capsule  of  the  joint  either  remains  o]>eii,  so  that  the  bursa 
retains  its  connection  with  the  joint,  or  it  becomes  entirely  cut  off  f  roui 
the  latter  (see  page  718),  These  bursal  or  synovial  exostoses  geneially 
contain  a  fluid  resembling  synovia,  and  several  free-joint  bodies  usually 
made  up  of  liyaline  cartilage.  This  form  of  exostosis  may  also  occur  at 
Home  distance  from  a  joint,  and  even  u]xm  the  bones  of  the  trunk  and 
liha;  iu  these  cases  the  enveloping  sac  forms  after  the  fashion  of  an 
accessory,  mucous  bursa.  The  exostoses  cAn  become  gradually  or  sud- 
denly detached  by  traumatisms,  for  example,  and  then  persist  as  dead 
pieces  of  bone,  like  the  free  dead  osteomata  in  the  frontal  sinuses  and 
nasal  cavity. 

Osteomata  of  the  teeth  and  alveolar  processes  are  comparatively 
common.  The  tumours  of  the  teeth,  the  so-called  odontomata,  which 
consist  of  dentine  and  enamel,  arise  from 
the  pulp  or  degenerated  embryonic  tooth 
(-ells  as  a  result  of  anomalies  during  the 
]ieriod  of  development  of  the  teeth,  and 
Kimctimes  in  young  subjects  after  inju- 
ries. The  true  odontomata  are  rare,  and 
are  found,  according  to  Heath,  almost 
exclusively  on  the  lower  jaw.  They  are 
sometimes  formed  from  strayed  dental 
germs,  and  can  then  develop  in  a  large 
bony  cavity,  so  that  necrosis  of  the  Ikjuc 
with  an  inclosed  sequestrum  is  sus|jected 
(Kroginsj.  Metnitz  has  published  an  account  of  five  cases  of  this  rare 
form  of  tumour,  and  thinks  that  want  of  room,  abnormal  position  of 
the  neighbouring  teeth,  and  inflamujatory  processes,  especially  chronic 
periostitis,  are  important  factors  in  their  etiology.     In  general,  two 
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forma  of  odontoma  can  be  dbtinguished — soft  and  liard — or,  better, 
tliose  with  dentine  and  those  without  (Partech).  Tiie  exoetosee  which 
form  on  teeth  are,  of  course,  not  to  be  counted  among  the  odontomata, 
bnt  aiiion^  the  osteomata. 

Tlie  osteomata  are,  on  the  whole,  benign  tumoars,  and  usually  grow 
elowlj,  but  sometimes  are  found  multiple,  occnrring,  for  example,  on 
nniuerous  epiphyses,  where  they  ere  ca- 
pable of  causing  disturbances  of  growtli. 
In  cases  of  multiple  exostoses  of  the  bones 
of  the  cranium  and  face,  atrophy  of  the 
latter  has  been  observed  as  a  result  of  in- 
terference with  its  development.  The  ma- 
lignant osteomata  include  the  osteosarcoma, 
also  called  osteoids  {see  Fig.  477),  which 
give  rise  to  extensive  local  destruction  of 
tissue  and  to  metastases  (i^e  sarcoma).  In 
this  category  belongs  also  the  very  vascu- 
lar (pulsating)  osteosarcoma.  For  cysts  of 
bone,  see  page  825. 

Pointed  exostoses  can  sometimes  cause 
injuries   to   largo  arteries  and  veins,  and 

thas  lead  to  the  formation  of  aneurisms,  as  in  the  instances  observed 
by  Bohng,  Kiister,  and  others.  In  Kiister's  case  a  pointed  osteophyte 
wounded  the  popliteal  artery  and  led  to  the  formation  of  an  aneurism. 
After  removal  of  the  osteophyte  by  a  chisel,  and  double  ligation  of 
the  popliteal  artery,  a  rapid  recovery  was  made.  Xronlein  observed, 
on  the  other  hand,  that  a  traumatic  aneurism  of  the  popliteal  artery 
which  had  lasted  ten  years  caused  an  erosion  and  formation  of  osteo- 
phytes on  the  lower  end  of  the  femur. 

The  diagnosis  of  osteomata  can  usually  be  made  from  their  location 
and  hard,  bony  consistence. 

Osteomata  are  usually  removed  by  the  chisel  or  saw,  or,  when  in  the 
soft  parts,  by  extirpation  with  tlie  knife.  In  cases  of  exostoses  in  the 
vicinity  of  a  joint  one  should  always  think  of  the  possibility  of  their 
communicating  with  the  joint.  In  such  cases  the  tumour  is  only  re- 
moved when  it  causes  serious  trouble. 

Angtioma  {Blood-vessel  Tumou/').— Tlie  angeioma  is  made  up 
principally  of  newly  formed  and  old,  dilated,  hypertrophied  blood- 
Tesaels.  Bibbert  claims  that  angeiomata  are  limited  to  the  li]oo<l-ves- 
eele  in  which  they  first  develop — i.  e.,  they  grow  by  enlargement  of 
the  original  tumour,  and  not  by  involving  neighbouring  capillaries. 
Three  varieties  are  distinguished  : 
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1.  77<e  angeioma  simplex  (tekngeiectaeis,  neerue  vascnloenfi,  pleri- 
form  angeiotnii)  cousiste  of  dilated,  tortQOue,  and  oewly  formed  capil- 
laries and  small  vessels.  Macroscopically,  the  telangeiectasee  are  mostly 
soft  swellings,  bright-  to  dark-red  in  colonr,  ichich  are  only  Elightlv 
elevated  above  the  surface  of  the  skin,  where  thej  are  nsaallj  found. 
The  origin  of  the  cells  of  the  nfevns  is  ^ven  differently  by  different 
authorities.  Unna  claims  that  they  originate  from  the  epithelial  cell^ 
and  others  regard  them  as  connective-tisene  cells,  Neevi  are  very  often 
congenital,  forming  the  so-called  birth-marks.  Hnltiple  ntevi  often 
have  a  special  distribntion  over  the  body,  and  arc  then  thongbt  to 
be  caused  by  intrauterine  disturbances  of  trophic  or  vasomotor  nerres 
or  by  <listurbances  of  development  in  certain  areas  of  the  skin.    Tlie» 

birth-marke  are  often  associated  with  lij- 
pertrophy  and  pigmentation  of  the  skin, 
and  very  frequently  with  hair-formatioD 
(see  Figs,  478-481).  Many  of  these  tiiirj 
birth-marks  are  diffuse,  soft  fibronuU, 
others  more  like  telangeiectases.  The 
hair- formation  often  resembles  the  hide  of 
animals,  such  as  rats,  monkeys,  or  rabbits. 
The  mothers  of  such  children  often  sav- 
fis  in  the  eases  illustrated  in  Figs.  478, 479 
— that  they  were  frightened  during  pr^- 
nancy  by  the  sudden  appearance  of  the  ani- 
mal whose  skin  resembles  that  of  the  birth- 
mark. The  marked  heteroplastic  develop- 
^""v  *"!' ;7^Y"  '"^  Th^T''?'  ■"*"*  °^  ^^"  "^"^  certain  parts  of  the  bodj 
neci;,  mid  a\-\^'T  cxtruiiiiiy  oi  a     which  are  covered  with  an  otherwise  nonusl 

tvn;lvt-vi'ur-iilJi(itHB(jiir«laud        i  ■  ^i  .1        f       ,  i   .  , 

ra^tti.  skm — the  growth  of  a  beard  m  women,ior 

example  (hypertrichosis  circnmscripta)- 
and  the  growth  of  hair  over  the  entire  body  (hypertrichosis  nDiwr- 
salis),  have  nothing  to  do  with  tumour-formation ;  it  is  mostly  a bereiU- 
tary  malformation  which  is  found  in  certain  families.  Several  familiK 
of  hairy  people  are  known  in  which  the  complete  covering  of  the  bodj 
with  hair  was  inherited  by  the  children.  Fig.  430  represents  Sch«e- 
Maong,  the  father  of  an  Asiatic  hairy  family,  and  Fig.  481  the  RnBeian 
hairy  man  Andrian,  whose  son  had  the  same  peculiarity.  TreatmeBt 
by  the  galvano-eautery  may  be  used  for  this  abnormity, 

2.  The  angeiomata  also  include  the  aneurysma  ansstomoticDiii  or 
racemosum,  which  ia  best  called  angeioma  arteriale  racemosum  or  (if- 
soid  aiieui'isra,  and  has  been  described  in  a  previous  chapter  (Fig. 
4S2|.     The  cirsoid  aneurism,  as  we  saw  on  page  555,  is  the  result  of 
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Shwe-Mnniii:, 


iniform  dilatation,  tortnoBity,  and  thickening  of  the  arteries 

ig  a  certain  region,  and  is  due  partly  to  tlie  formatioa  of  new 

iiid  partly  to  hypertrophy  of  tbe  old  ones. 

'he  caverryrus  angeioma  (tumor  cavemoeus)  resembles  in  etruc- 

3  corpus  cavemoaum — i.  e.,  it  consistA  of  cavities  lined  with 

linm,  which  are  filled  with  fluid  or  coa^- 

ood,  and  separated  by  connective-tiasue 

It  is  most  commonly  found  in  old  people 

liver,  skin,  or  eubcntaneoos  tissue ;  less 

the  brain,  spleen,  kidneys,  uterus,  or  bone. 

ws  as  to  its  origin  do  not  agree.    Accord- 

iokitansky,  the  cavernous  spaces  are  first 

from  the  connective  tissue,  and  then  see- 

■  become  joined  with  the  blood-vessels 
3  filled  with  blood.  Another  explanation 
>  me  the  more  probable,  viz.,  that  a  dila- 
f  the  capillaries  first  takes  place,  and  suh- 

ly  tbe  walls  of  the  dilated  capillaries  which  lie  next  one  another 

y  disappear,  resulting  in  the  formation  of  large  cavities  filled 

lod. 

eioma  b  not  infrequently  combined  with  fibroma,  lipoma,  and 

(an  geiosarcom  a). 

treatment  of  angeiomata  consists  in  their  extirpation  with  the 

■  poBBible,  or  with  the  galvano-cautery  or  thermo-cautery  (so- 
jnipuncture  or  punctiforra  ustion).  In  order  to  operate  with- 
out loss  of  blood,  the  base  of  the  angeioma 
may  in  appropriate  cases  be  transfixed  and 
tied  off  in  two  or  more  parts,  or  portions 
of  tbe  tumour  may  be  seized  by  clamps 
before  tliey  are  divided.  Billroth  applied 
two  ])erforated  lead  plates  to  the  We  of 
the  tumour,  which  were  joined  by  silver 
wire  drawn  tight,  thus  making  an  artifi- 
cial pedicle  which  allowed  the  tumour  to 
be  removed  almost  without  loss  of  blood. 
In  other  instances  be  applied  a  chain  su- 
ture— i.  e.,  the  tumour  is  lifted  up,  clamped 

virdVow'iud'Bam'u).'"  ■■  at  its  basB,  an<l  underneath  the  clamp  in- 
terrupted sutures  are  applied  in  such  a 
t  every  suture  takes  in  a  small  part  of  the  tisiiue  that  is  included 
previous  suture.  Large,  diifuse  angeiomata,  like  cirsoid  aneu- 
lay,  if  removal  is  impossible,  be  treated  by  ligation  of  tbe  afler- 
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ent  arteries  corabioed  with  ignipnnctnre.  Cirsoid  anenriBtn  oecnrs 
moat  commonly  on  tlie  Bcalp,  and  in  this  sitnstion  might  require  liga- 
tion of  the  external  carotid.  If  the  main  artery  is  too  short,  eacbyf 
its  branches  shonld  be  secnred. 
It  is  dangerous  to  ligate  tbc 
common  carotid  on  accoant  of 
the  changes  which  may  tbng  be 
produced  in  the  cerebral  circu- 
lation. For  the  purpose  of  pre- 
venting recurrences  it  is  often 
advisable  to  apply  to  the  di^ 
eased  part  for  a  consideralile 
time  dressings  which  exert  pre?- 
sure,  or  to  paint  it  with  iaio- 
form  collodion.  Nievi  whicli 
cover  a  large  surface  or  are  verr 
numerous  and  cannot  be  extir- 
pated can  be  successfully  treated 
by  MikuHcz's  method.  The  epi- 
dermis and  uppermost  layer  of 
the  corium  are  removed  with  a 
microtome  knife  under  etrict 
n  (cireoid  ^^septic  precautions.  It  ie  abeo- 
lie  nngaiari.  md  fron-     lutely  essential  to  avoid  Boppn- 

of  the  right  Bwcrnnl     ration ;   a  dry  dressing  is  ay- 
carotid  and  left  fuiiinion  outjlid.    Death  duo        ,.    ,       i  ■  i_  r    ,       ^         t     . 
to  ciTobral  crjibolbiii.  pIlCO,  WlllCfa  IS   kept  On  tor  IVTO 

to  three  weeks  until  eicatriffl- 
tion  has  taken  place.  In  some  cases  the  operation  is  performed  nt  sev- 
eral sittings  three  to  four  weeks  apart.  Among  other  methods  which 
have  been  recommended  are  electrolysis,  parenchymatous  in jectiow  of 
the  tincture  of  iodine,  liquor  ferri  subsulphatia  (MonselPs  solutioD), 
absolute  alcohol,  liquor  Piazza  (eodii  chlor.  15.0  grammes;  liq.  ferri 
sesquichlorati  [thirty  per  cent,],  20.0  cubic  centimetres ;  aq,  destil.,  tW-O 
cubic  centimetres  [St.  Germain] ),  Care  should  be  taken  not  to  make 
the  injection  into  healthy  subcutaneous  tissue.  Gunn  and  Haveti  speak 
well  of  the  injection  of  carbolic  acid  (ninety -five  per  cent.  acid.  cart*!. 
and  glycerine,  aj)  into  the  peripheral  parts  of  the  angeioma  {a  fe« 
drops  in  from  five  to  fourteen  different  places).  Setons  made  of  tbreads 
saturated  in  liquor  ferri  subsulphatis,  and  then  dried  and  passed  tbroogh 
the  growth,  used  to  be  employed,  as  were  also  ligation  (see  page  '?). 
cauterisiition  with  fuming  nitric  acid,  etc.  These  are  all  methods  of 
treatment  which  have  now  become  obsolete. 


Fio.  *sa.— .Ant'tioiiiB 
tulia  dc\tra   t>t  a: 
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Lymphan^loiaft  {Atigeuyma  Lymphaticum,  Lymphangeiectasis). — 
The  lymphangeioma  correspoudB  to  the  augeioma  of  the  blood- reseels, 
and  conBJBtg  essentially  of  dilated  and  h^pertropbied  lymph  reEeele 
<Fig.  +S3),  The  following  varieties  may  be  distinguished :  1,  lymphan- 
geioma  simplex  (telangeiectasia  lymphatica) ;  2,  cavernouB  (lymphan- 
geioma cavern osum)  (Fig.  483) ;  and  3,  cystic  lymphangeioma(lyiiiplian- 
geioma  cyaticiim).  Some  lymphangeiectasea  are  acquired  and  others 
are  congenital.  According  to  Eibbert,  lymphangeioma  is  an  independ- 
ent, self-limited  tnniour  made  up  of  connective  tissue  and  lymphatics, 
in  whose  growth  all  the  tissue  elements  take  an  equal  part.  Lymphan- 
gciectasis,  on  the  other  hand,  is  not  an  independent  circumscribed  for- 
mation ;  tlie  dilatation  occurs  in  vessels  which  are  normally  present  in 
8  tissue.  With  the  dilatation  there  is  a  simultaneous  thickening  of  the 
walls.  The  great  majority  of  lymphaugeiomata  are  probably  due  to 
distarhances  of  embryonic  development ;  a  simple  lymph  stasis  would 
not  be  sufficient  to  explain  them,  although  it  can  favour  the  growth  of 
a  lymphangeioma  which  already  exists,  and  particularly  the  formation 
of  cysts.  In  the  formation  of  epithelial  cysts  the  proliferation  of  the 
connective  tissue  and  the  enlargement  of  the  cavities  take  place  at  the 
same  time.  The  lymphangeiectasise  usually  communicate  directly  with 
the  lymph  vessels,  and  in  one  case  I\asse  was  able  to  demonstrate  an 
open  connection  between  a  cavernous  lymphangeioma  of  the  neck  and 
the  subclavian  vein  and  thoracic  duct — a  circuiiibtance  which  can  onl^ 
be  explained  on  the  grounds  of 
a  disturbance  of  embryonic  de- 
velopment, as  mentioned  above. 
In  consequence  of  this  com- 
munication of  a  lymphangeio- 
ma with  veins  caused  by  ab- 
normalities in  fcetal  develop- 
ment, large  blood-cysts  are 
formed,  especially  on  the  neck 
(Bayer).  The  congenital 
Ijmph-angeieotatic  hrpertro- 
phy  of  the  tongue  (macroglos- 
sia)  and  of  the  lips  (macrochei- 
lia)  l>elong  to  the  congenital 
Ijraphangeiomata.  Lymplian- 
geiomata  eometiines  reach  a  very  considerable  size.  The  fluid  which 
ttiey  contain  is,  as  a  rule,  clear,  but  sometimes  milky.  Lymphangeioma 
is  sometimes  complicated  l>y  inflammatory  manifestations.  If  one  rup- 
tures, a  lyraphorrlicea  or  lymph  fistula  results,  through  which  large 


LANE  LIBRARY  STMITO^'^  Vsm^S 


'^94  TUMOTJES. 

amounte  of  this  fluid  may  escape  (eee  page  564).  Lymphangeiectases 
are  very  often  found  in  connection  ^ritli  tbe  diffuse  hyperplasia  of 
connective  tissue  forming  the  so-called  elephantiaais  (elephantiasis 
lymphangeiectatica,  see  page  540). 

The  treatment  of  lymphangeioma  has  already  been  spoken  of. 
When  possible,  it  consists  in  extirpation  of  the  growth — a  procedure 
^hich  is  sometimes  very  difficult.  Simple  incision  and  drainage,  or 
packing  with  iodoform  ganze,  may  prove  effective  in  cystic  tumours; 
but  this  method  should  not  be  used  when  numerons  email  cavities  are 
present.  Bergmann  has  obtained  very  good  results  from  extirpation, 
and  Kehn  successfully  removed  a  lymphangeioma  cavemosum  of  tbe 
sacral  canal  which  pressed  upon  the  cauda  equina. 

Kyoma  {Muscle  Tumour). — The  mt/oma  is  made  up  essentially  of 
muscle  fibres,  which  may  be  either  striated  (rhabdomyoma,  myoma 
etrio-celluJare)  or  non-striated  (leiomyoma,  myoma  leevicellnlare,  Fig. 
484).  Simple  rhabdomjomata  are  very  rare,  the  myosarcoma  being 
the  most  common  tumour  of  striated  mnscle.  Striated  muscle  fibres 
and  spindle  cells  with  striations  are  often  seen  in  sarcomata  of  the 
testicle,  kidney,  and  in  tumours  of  the  ovary  (myosarcoma).  Probably 
in  such  cases  strayed  embryonic  mnscle  cells  have  become  deposited 

^  __,_^  in   these  organs.      The   leiomyoma  is 

'    -'~^N^^%V\  I  i'     "^"^^  common  in  the  uterus  and  intes- 

__;;r^-'^^^^-^"^^\  i\  ^  ]  |1      tinal  tract,  where  it  takes  the  form  of 

-  X^^— ^x"'*l-.N.  (\l     I       nodular  tumours,  which  are  more  or 

/ii /^"'*\  "-^^llN   \l  (i/l     ^^'^  P^™  myomata  or  fibro-myomata. 


■ '  1  /  s-/^;!  ^  '  '.— \\\)  ^\, .     Microscopically,  the  non-striated 
\;  \\'-'*};,' j^r'-T^^v  I  //       ^^  fibres  are  recoamised  on  lonsriti 


cle  fibres  are  recognised  on  longitudinal 
section  by  the  rod-like  nuclei  and  their 
regular  arrangement.  On  cross  section 
"'"-^oi»r'ortiivVi'u"'itronii<;iiruscirrthrun  the  characteristic  contours  of  the  fibres 
othm'ira'ii«v"nielv"''''"'aiNl"''''  """^  f""^  ^ecn,  together  with  the  transverse 
section  of  the  nuclei,  in  their  interior 
(Fig.  484).  The  leiomyomata  of  the  litems  often  take  on  secondary 
changes,  such  as  extensive  fatty  degeneration,  calcification,  cyst  forma- 
tion, and  suppuration.  They  are  occasionally  combined  with  sarcoma 
and  carcinoma.  Multiple  myomata  sometimes  occur  in  the  skin,  orig- 
inating from  cutaneous  muscular  elements. 

The  treatment  of  myomata — for  example,  of  tbe  uterus  is  in  the 
main  the  same  as  that  of  fibroma  (see  page  7t>2). 

Neuroma  {Xcr\'i:-fihre  Tiimour). — The  nturi'ma  is  ma<le  up  essen- 
tially of  newly  formed  nerve  fibres.  A  distinction  is  made  between 
true  and  false  neuroma,     ilost  neui-omata  are  fake — that  is,  thev  are 
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libromata  or  myzomata  of  the  coDnective-tieeiie  portion  of  nerves,  with 
displacement  and  atrophy  of  the  nerve  fibres.  They  generally  fomi 
Hask-like  swellings  of  the  nerves,  or  cylindrical  or  spherical  tumours, 
about  the  size  of  a  bean,  cherry,  or  plum,  and,  in  rare  cB^es,  the  size  of 
a  ben's  egg.  The  false  neuromata  are  often  multiple.  Bergmaun,  for 
inetance,  observed  more  than  a  hundred  neuro-fibromata  of  the  skin 


in  a  man  fifty-four  years  old.  The  so-called  ainputatinn-ncnromata, 
which  are  club-shaped  swellings  of  the  ends  of  the  nerves  in  am- 
putation-stumps, are,  as  a  rule,  made  up  mostly  of  newly  formed 
connective  tissue,  with  more  or  less  numerous  collections  of  new  nerve 
iilires.  The  so-called  plexiform  neuroma  also  belongs  to  the  false  neu- 
romata or  fibro- neuromata.  It  is  essentially  a  nodular,  fibrous  degen- 
eration of  the  branches  of  a  particular  nerve,  the  trunk  of  which  lie- 
comes  twisted  and  tortuous  (Fig.  485).  Instead  of  a  jilexus  of  strongly 
developed  nerve  fibres  that  have  undergone  fibrous  degeneration,  as 
shown  in  Fig.  485,  we  sometimes  find  a  single  large  nerve  trunk,  with 
numerous  branches,  which  shows  at  some  points  localised  swellings — i.  e., 
small  fibromata,  and  is  embedded  in  a  gelatinous  stroma  (Tietze),  These 
plexifonu  neuromata,  of  which  the  rudiments  were  present  in  the  cm- 
biTo,  are  very  much  like  soft  fibromata  of  the  skin  and  sulicutaneous 
cellnlar  tissue,  in  which  they  form  flabby,  lobulated  folds  and  elevations 
(Fig.  486),  sometimes  uneven  and  nodulated,  usually  containing  dark 
pigment  and  covered  with  hair,  as  in  e]e]}liantiasis  (Fig,  4*i8).  Very 
large  tumours  sometimes  result  from  this  elephantiasis-like  hyperplasia 
of  the  akin  and  snlK-utaneous  tissue.     The  plexiform  neuroma  is  almost 


(ilwaya  situatetl  in  tlie  Bubcutaneous  tissue,  and  only  exceptionallv  in 
the  deeper  parts,  as  in  a  ease  seen  by  Pomorski,  in  wJiieli  a  plexifonc 
neuroma  of  the  intercostal  nerves  had  grown  into  the  pleura,  Bruns 
collected  from  literature  a  large  number  of  instances  of  plexiform  neu- 
,,  and  found  that  its  most  commoQ  location  is  on  the  temples  an<i 
uppereyelid  (fifteen 
cases).  It  was  found 
eight  times  in  that 
part  of  tlie  neck 
wliich  lies  poslerior 
to  the  eare,  three 
times  on  the  um 
and  cheek,  foor 
times  near  the  lower 
jaw  and  front  of  the 
neck,  seven  times  on 
the  breast  and  Idck, 
and  three  timeo  on 
the  extremities. 

The  tnit  nen- 
romata  eoneift  for 
the  most  part  of 
newly  formed  nerve 
fibres,  which  devel- 
op in  one  or  more 
peripheral  ncrret. 
Some  cases  of  am- 
putation neuromata 
also  belong  ti)  this 
class  of  tumours.  Depending  upon  whether  the  neuroma  is  made  op 
of  niedullated  or  non-medullated  nerve  fibres,  we  make  a  distinction, 
as  Virchow  does,  lietween  a  nenroma  rayelinicum  and  a  neuroms 
amyclinicuu).  The  brain  and  certain  neoplasms  of  the  testicle  anij 
ovary  are  sometimes  the  seat  of  a  cellular  (ganglionic)  neuroma.  The 
neuroma  is  in  general  a  benign  tumour,  though  it  is  sometimes  uinl- 
tiple  in  the  nerves  of  the  brain  and  spinal  coi-d. 

In  rare  cases  iienroniata  are  found  to  be  malignant,  giving  rise  to 
local  recurrences  after  extirpation,  and  even  to  metastases  (Fig.  iy"- 
Garre  distinguishes  primary  and  secondary  malignant  neuromata:  the 
forTiicr  are  chieliy  the  sarcomata  of  nerves,  while  the  secondary  malig- 
Hitiit  neuromata  result  from  sarcomatous  changes  in  a  previously  lieniini 
neuro-filirmna.     The  above-mentioned   multiple  nenro-fibroniata  >I^ 


n(  the  iMpe  aod 
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Mom  of  tho  midutes  lie  lii. 

skin  :  a,  ulceraiingnoJuIt;  A.spurfruiu 
a  jiruvioua  txtirpation  of  tliu  ]>rimHry 


undergo  in  BOme  cases  malignant  elinngee ;  Garr^  lias  collected  sixteen 
cases  of  this  sort  from  literature.  According  to  Golduianu,  the  malig- 
nant degeneration  of  benign  nenro- 
filiromata  depends  not  so  much  upon  a 
change  in  the  anatomical  character  of 
the  tumour  as  upon  changes  in  the  en- 
tire organism,  Ilietologically  the  pri- 
mary malignant  neuromata  are  tiBiiallj 
medullary,  round,  and  spindle -eel  led 
sarcomata,  or  dense  fibrous  neuromata, 
with  nevertheless  a  very  malignant 
course,  or  finally  myxomata  or  lipoma- 
tons  myxomata.  Central  softening  and 
cyst  formation  are  frequent.  The  ma- 
lignant neuromata  usually  start  from 
tlie  nerve  sheathe,  particularly  the  intra- 
fascicular  tissue  (endoneurium).  They 
may  develop  rapidly  into  tumours  as 
large  as  a  man's  head,  and  occur  par- 
ticularly in  the  large  nerves  of  tlie  ex- 
tremities— e,  g,,  the  median  and  sciatic — but  not  infrequently  they  start 
from  small  cutaneous  nerve  branches.  Before  metastasis  takes  place 
through  the  circulation,  metastatic  tumours  are  sometimes  formed 
throughout  the  whole  nervous  system.  Buuger  reported  a  very  char- 
acteristic case  of  general  nmltiple  neuro-fibroma  formation  in  th<^ 
peripheral  nervous  system  and  the  sympathetic  system  which  bad 
developed  after  a  neuro-flbroma  of  the  external  cutaneous  nerve  of  the 
thigh.  Newly  formed  medullated  nerve  fibres  are  occasionally  found 
in  the  neuromata — a  fact  which  is  not  remarkable,  as  we  know  that 
degeneration  and  regeneration  of  nerve  fibres  take  place  in  normal 
nerves. 

The  so-called  tubercula  dolorosa,  which  appear  as  small,  movable, 
painful,  subcutaneous  tumours,  are,  according  to  Virchow,  in  some 
instances  true  neuromata,  while  in  others  it  has  not  been  possible  to 
demonstrate  nerve  fibres. 

As  regards  the  treatment  of  neuroma,  I  may  say  that  neuro-fibrom- 
ata  and  nouro-myxoniata  can  usually  be  removed  and  the  continuity 
of  the  nerve  be  preserved.  If  extirpation  is  not  possible,  as  in  the  case 
of  large  nerves  of  the  extremities,  for  example,  and  the  removal  of  the 
tumour  is  indicated  on  account  of  great  pain,  rapid  growth,  etc.,  the 
continuity  of  the  nerve  must  be  restored,  after  the  extirpation  of  the 
neororaa,  by  means  of  sutures  or  a  plastic  operation.     The  treatment 
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of  a  plexiform  neuroma,  which  involves  the  whole  region  of  distribn- 
tion  of  a  nerve,  is  merely  palliative  in  ease  extirpation  is  impossible. 

Glioma. — Gliomata  occur  especially  in  the  hrain,  less  often  in  the  spinal 
cord,  and  result  from  the  growth  of  the  neuroglia  cells  of  the  central  nervous 
system.  They  form  pale-grey,  greyish- white,  or,  when  very  vascular,  reddish 
or  dark-red  tumours,  which  are  usually  not  sharply  defined.  They  are  not 
infrequently  the  seat  of  retrograde  metamorphoses,  such  as  fatty  degenera- 
tion, caseation,  and  softening.  Under  the  microscope  the  gliomata  are  seen 
to  be  made  up  of  a  network  of  fine  translucent  fibres,  which  contain  branch- 
ing cells  resembling  those  of  the  neuroglia.  According  to  Klebs,  Heller, 
and  others,  many  gliomata  consist  of  growing  ganglionic  cells  and  newly 
formed  nerve  fibres.  Ziegler  is  right  in  separating  these  from  the  gliomata, 
and  calls  them  neuroglioma  ganglionare. 

Lymphoma. — By  lymphoma  we  understand  a  true  neoplasm  as  well 
as  a  chronic  inflammatory  or  infectious  hypertrophy  of  lymph  glands. 
The  latter  may  originate  as  a  result  of  local  and  constitutional  canses. 
In  this  category  belong,  for  example,  the  lymphomata  of  the  neck  fol- 
lowing chronic  inflammation  of  the  skin  or  mucous  membrane  in  the 
region  supplied  by  the  lymphatic  vessels  which  lead  to  the  enlarged 
glands,  also  the  lymphomata  due  to  local  or  general  tuberculosis,  or 
which  occur  in  the  course  of  leucaemia,  and  the  progressive  lymphoma- 

tous  formations  encountered  in  anoma- 
lies of  the  organs  producing  the  blood 
(malignant  lymphoma,  Hodgkin's  dis- 
ease, pseudo  -  leucaemia).  The  word 
lymphoma  signifies,  in  general,  hyper- 
plasia of  lymph  glands,  but  if  the  en- 
largement is  caused  by  a  true  neoplasm, 
we  call  it,  according  to  its  structure,  a 
lympho-sarcoma,  lymph-adenoma,  etc. 
The  above-mentioned  progressive  for- 
mation of  lymphomata  in  Hodgkins 
disease  is  exceedingly  interesting.  The 
disease  usually  begins  with  a  large  nodu- 
lar swelling  of  the  lymph  glands  of  the 
neck  (see  Fig.  488)  which  is  entirely 
free  from  pain.  As  a  rule,  the  adjoin- 
ing lymph  glands  become  successively  swollen,  then  the  glands  of  the 
other  side,  and,  finally,  in  many  cases  the  mediastinal  and  retroperito- 
neal glands.  The  microscope  shows  a  simple  hyperplasia  of  the  lymph 
glands,  though  GoMmann  observed  in  them  a  marked  increase  in  the 
number  of  cells  which  can  be  readily  stained  by  eosin  (eosinophiions 
cells).     Metastases  in  the  internal  organs  are  of  frequent  occurrence 


Flo.  4S3. — Soft  malipnant  lvmj)homa  of 
the  ncok  iind  botli  axifia;  in  a  boy 
bix  years  of  age. 


§128.]  THE  DIFFERENT  VARIETIES  OF  TUMOURS.  799 

(lungs,  spleen,  liver,  kidneys,  bone),  and  the  enlargement  of  the  spleen 
may  become  very  marked.  The  general  health  can  remain  undisturbed 
for  a  comparatively  long  time,  but  ordinarily  a  steadily  increasing  loss 
of  flesh  and  strength  soon  sets  in  and  is  followed  by  death.  In  the 
severe  cases  intermittent  rises  of  temperature  usually  occur.  Fischer 
found  staphylococci  in  the  blood  during  the  attacks  of  fever,  which  had 
perhaps  entered  the  circulation  from  the  intestinal  tract.  In  a  number 
of  cases  a  combination  of  malignant  lymphoma  with  tuberculosis  has 
been  observed,  the  patients  then  dying  of  the  tuberculosis.  The  latter 
is  probal)ly  a  secondary  infection  of  the  weakened  organism.  Occasion- 
ally, as  in  goitre,  the  end  comes  suddenly  from  suffocation  in  conse- 
quence of  softening  of  the  laryngeal  cartilages  or  of  paralysis  of  the 
vocal  cords  due  to  bilateral  pressure  on  the  recurrent  nerve.  The  eti- 
ology of  malignant  lymphoma  has  not  been  thoroughly  investigated. 
The  white  blood-corpuscles  are  not  increased  in  numbers  as  in  leucaemic 
lymphoma,  hence  the  name  pseudo-leucaemia.  Malignant  lymphoma 
or  pseudo-leucaemia  is  probal)ly  the  result  of  some  as  yet  unknown 
infection.     Transitions  to  lympho-sarcoma  sometimes  occur. 

The  treatment  of  lymphoma  varies  according  to  its  cause.  Neo- 
plasms of  the  lymph  glands  should  be  extirpated  as  soon  as  possible. 
Tubercular  lymphomata  should  also  be  treated  in  the  same  way,  or 
scraped  out  with  the  sharp  spoon,  or  treated  by  ignipuncture  with  the 
galvano-cautery,  or  parenchymatous  injections  of  ten-per-cent.  iodo- 
form oil  or  iodoform  glycerine,  etc.  I  also  excise  simple,  non-tuber- 
cular, so-called  scrofulous  enlargements  in  case  they  do  not  disappear 
under  a  general  tonic  regimen,  a  thing  which  is  of  great  importance  in 
the  management  of  all  lymphomata.  In  malignant  lymphoma  the 
arsenic  treatment  is  sometimes  successful,  both  internally  and  in  the 
form  of  parenchymatous  injections.  Billroth  began  with  ten  drops  of 
Fowler's  solution  pro  die  internally,  and  injected  at  first  two,  subse- 
quently four  to  six  drops  a  day  into  the  substance  of  the  tumour.  The 
internal  dosage  may  be  raised  two  drops  every  third  day,  but  if  symp- 
toms of  poisoning  make  their  appearance  the  doses  must  be  diminished. 
A  cure  is  not  obtained  in  this  way,  but  the  patient  improves  and  the 
course  of  the  disease  is  checked  or  rendered  less  severe.  The  operative 
removal  of  malignant  lymphomata  is  prol)ably  always  unsuccessful,  as 
recurrences  appear,  as  a  rule,  very  promptly.  But  they  should  be 
removed  sufficieutlv  to  relieve  at  least  the  urgent  symptoms,  such  as 
those  caused  by  obstniction  to  respiration. 

Sarcoma. — The  sarcoma  (Figs.  4:S9, 490)  is  a  neoplasm  which  springs 
from  connective  tissue,  and  is  formed,  in  general,  after  the  type  of 
embryonic  connective  tissue  with  abnormal  and  luxuriant  cell  forma- 
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tion.     Tbe  etkKonmta  originate  id  all  varieties  of  coimective  ti6«Qe{cir- 
tilage,  lK>ne,  perioeteam,  ordiuarr  conDectire  tifieue,  fat  tissiie,  etc.), 
and  are  particnlarlv  likely  to  start  from  tbe 
cells  of  the  walU  of  tbe  blood-veseeU.    Tbe 
ctiolt^T  of  sarcoma  has  recently  been  adnnced 
by  tbe  verr  interesting  investigatione  of  Jur- 
genfi.     Tbe  latter  showed  that  aome  earcoinili 
are  infections  in  natnie 
and  can  be  inocnked 
npon  animals;  befomtd 
sporozoa   both  in  tbe 
tomaurs    and   Id  Ihe 
blood  of  the  amnuls, 
which     explains    tbe 
early  occurrenceof  me- 
tastases.    The  qucstioQ 
whether  all  sarcomili 
are  of  parasitic  orif;iD 
cannot   at   present  be 
answered  Isee  also  pages  816-821,  Etiology  of  Carcinoma).     Benign 
tuitiuur§,  as  we  remarked  before,  not  infrequently  become  sarcomatous 
thus  giving  rise  to  mixed  tumours,  such  as  libro-sarcoma,myxo-Eamiaii, 
oeteo-sarL-uma,  etc.     Sarcomata  in  tlie  skin,  perioeteum,  and  marrow  of 
Wiie  occatiionally  apjiear  in  a  multiple  form.     The  multiple  Barconiatt 
of  the  skin  (sarcomatosis  cutis)  sometimes  represent  a  transition  frwi 
inflammatoiy  growths  to  real  sarcomata;  tiiej 
form  a  group  of  neoplasms  separate  from  the 
latter,  to  which  the  mycosis  fuugoides  aleo  be- 
longs (see  page  544).     The  size  and  shape  of 
the  cells  in  a  sarcoma  vary  considerably  (Fig). 
4yi-4y6).  many  being  round  cells,  which  ue 
often  contractile,  like  white  Wood-corpasclef, 
while  others  are  spindle  cells,  endothelial  celli, 
stellate  cells,  or  giant  cells.     Between  each  of 
these   there   are  numerous   intermediate  tell 
forms,  and  different  shaped   cells  are  often 
found  lying  next  one  another.     There  is  » 
greater  or  less  amount  of  intercellular  sob- 
rruiiil-ku""''""  """""'     stance  which  may  be  fibrone,  homc^neotw, 
reticulated,  granular,  mucoid,  etc.     The  vtf- 
eularity  of  sarcomata  also  varies  very  much,  being   occasionally  «> 
marked  that  the  tumours  pulsate  like  aneurisms.     They  hkewise  show 
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iffereiiceB  Id  cooeietence  and  colour.  The  very  maligaaiit,  soft, 
growing  sarcomata,  made  up  largely  of  cells,  are  especially  to 
ded  (medullary  sarcoma).  The  pigmented  varietiefl,  the  melano- 
ita,  are  also  very  malignant.  The  formation  of  metastases  takes 
s  Billroth  showed,  principally  through  the  veins,  and  to  a  less 
through  the  lympliatics.  I  once  found  in  a  case  of  medullary 
a  of  the  lower  extremity  a  metastatic  deposit  the  size  of  a  small 
a  valve  of  the  femoral  vein. 


trograde  changes  which   take 

ire  fatty  degeneration,  casea- 

fteniug,  cyst  formation,  heem- 

!,  and,  after   the   disease   has 
through  the  skin,  ulceration 

ughing. 

L'oma  of  bone  originates  either 

le  periosteum  or  from  the  med- 

cavity.     The  latter,  or  myelo- 

ircoma,  is  characterised  by  hav- 

jreater  number  of  giant  cells. 

■r  as  the  central  (myelogenic) 

i  of  bone  possesses  a  closed 
the  prognosis  is  favourable,  but  otherwise  it  is  extremely  bad. 
twelve  patients  with  sarcomata  of  the  long  bones  which  were 

■d  with  the  knife,  six  died  from  recurrences,  and  of  the  remain- 

,  two  had  to  1)6  operated  on  again  very  soon  for  recurrence. 

ing  to  the  shaj>e  of  the  cells  and  the  structure  of  the  sarcoma  the 
following  different  forme  are  distingnishedl 
which  of  course  often  merge  into  and  com- 
bine with  one  another  to  a  greater  or  less 
extent : 


Fio.  191.~Mai]iii»l  imrtioD  ol 

iiiuBculsr  HgriMiim  ut'  tliu  unii:  .'>,  Har- 
coma  tiiwue  coiuiiiliiiB  of  rmnd  colls; 
U.  tnnt\iirae]y  dividi-J  uiUKulir  lU- 


1.  The  round -celled   variety  occurs  as  the 
small-  and   large-celled  sarcoma.      The  small 
round-celled  sarcoma  (Fig.  491)  is  made  up  of  cells 
whicli  resemble  white  blood-corpuscles,  and  as  a 
-PoMionof  aHuriomu      rule  grows  rapidly,  forming  a  soft  tumour,  which 
iiii;  ckUk  iif'^vflri'MH     fu  section  appears   white,   and  when   squeezed 
i-niallaDjllurvtrcuii.i     g^ives  out  a  milky  fluid.     It  consists  of  round 
lilt  i;elK«tc.j.'  X  li.w,     colls.  Mood 'Vessels,  and  generally  of  a  very  srnull 
Hmounl.of  a  fibrous,  granular,  or  homogeneous 
In  Ronie  cases  it  Ims  a  pronouncetl  alveolar  structure,  and  then  re- 
gland  tissue  or  cjircinoma— i.  e.,  the  cells,  or  ratlier  groups  of  cells- 
ided  off  by  connective- tissue  septa  (alveolar  sarcoma.  Fig.  493).    The 
>und-celled  sarcomata  are  usually  very  malignant  iu  character ;  they 
54 


destroy  the  surrounding  I 


forming  metastases  and  runtiing  b 

The  most  common  locations  for  this 

are  connective  tissue,  muscle,  fascia, 
[wriostcuin,  hone,  lymph  glands,  etc- 


la.  4»».— Siiiall-cutleJ  nWoolar  i^arcoma  of  Iha 
\yiayh  gisndi  of  the  Dvck.  The  olVfuH 
lictvecu  the  ronniwtlve-Iiwuo  buui*  urn 
fltledwithurcoiiuiIoiurouaUcdllB.    :>  lIiO. 


Large-cellwi  (»reom«  -if  I) 


The  large  round-ceiled  aarrimut  (Fig-  48-1).  althoug'h  it  is  not  quite  so 
malignant  as  the  small-celled  anil  does  not  grow  as  rapidly,  is  verj-  similar 
to  the  latter  in  its  clinical  course.  It  also  occasionally  possesses  an  alveolar 
structure. 

2,  The  epiudle-celted  sarcoma  usually  consists  of  cells  which  are  for  the 
most  part  Jony,  thin,  and  spindle-shaped,  lying  close  together  (Fig.  4951,  wiih 
or  without  a  variable  amount  of  homogeneous  or  fibrous  intercellular  sub- 

ii  stance.     If  the  latter  is  fibrous  and  abundant  the  tu- 

/    .         tnour  is  called  a  fibro-sarcoma. 
Ml  3.  The  giant-celled  sarcoma  is  characterised  by 

I  m  J /        the  presence  of  a  great  number  of  very  large,  poly- 
\fff/  nuclear,  round,  or  polymor- 

7mJ  -g^/«SS5^  phous  cells   (Fig.  4B6),  and 

MiB.  ^ffiaWfflStyta  originates   most    comraonly 

iu  bone  marrow  (myelogenic 
osteo-sarcoma).  Giant  cells 
are  also  occasionally  fouiid 
in  the  round  and  spindle- 
celled  sarcomata,  but  not  by 
any  means  in  such  quantities 
as  in  the  true  giant-celled 
neoplasm. 

4.  Stellate  or  reticular- 
celled  sarcomata  are  most 
commonly  encountered  in 
myxomata  and  myxo-chondroiiiata  which  are  combined  with  sarcoma.  The 
stellate  or  reticular  cells,  with  their  interlocking  processes,  are  usually  em- 
bedded ill  a  soft,  gelatinous,  mucoid  intermediary  substance. 

5,  In  many  sarcomata  cells  of  all  vaj'ieties  of  shapes  arc  found  to(rether 
(sarcoma  with  polymorphous  cells,  Fig.  492). 
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6.  The  alveolar  sarcoma  (Fig.  493)  which  was  mentioned  above  is  made 
jp  of  moDonuclear  and  pol ynuclear  cells,  as  a  rule  about  aa  large  as  average- 
sized  pavement  epithelial  cells,  which  lie  singly  or  in  groups  in  a  fibi-ous.  less 
Dften  in  a  homogeneous  intermediary  substance.  A  characteristic  feature  of 
this  variety  is  that  the  cells,  contrary  to  carcinoma,  are  closely  united  to  the 
joiinective-tissue  stroma,  and  cannot  be  easily  separated  from  the  fibrous 
meshes.  Althougli  this  forms  the  means  of  distinguishing  the  alveolar  sar- 
coma from  carcinoma,  yet  sections  of  the  two  tumours  under  the  microscope 
aften  present  such  similar  pictures  that  it  b  very  difficult  to  recognise  one 
from  the  otiier, 

7.  The  plexiform  angeio-aarcoma  fWaldeyer)  is  to  be  looked  uj>on  as  an 
iiigeioma  with  a  sarcomatous  growth  of  the  walls  of  the  vessels ;  it  ori^rinates 
mainly  by  growth  of  tlie  eitdothelial  cells  wh  hie  nex  the  ad  en  a  of 
t>oth   the  lymph  and   blood-vessels 

-;Fig.  497).  These  cell  growths  sur- 
round the  walls  of  the  vessels  like  a 
iheath,  and,  as  a  growth  of  the  inner 
endothelial  cells  also  takes  place,  the 
lumen  of  the  blood  or  lymph  vessel 
ill  question  may  finally  become  en- 
tirely occluded.  The  reticulated  an- 
astomosing filaments  and  tubules  of 
the  cells  usually  lie  in  fibrillar  con- 
nective tissue,  and  as  a  result  of  hya- 
line degeneration  of  the  walla  of  the 
vessel  hyaline  tubules  are  formed 
having  celts  in  their  interior,  or  the 
latter  is  so  narrowed  by  the  hya- 
line degeneration  that  only  hyaline 
branching  cords,  bulbs,  or  spherules 
without  cells  are  found.  Occasion- 
ally the  liyaline  degeneration  attacks 
primarily  the  cells  in  the  tubules, 
so  that  the  hyaline  cords  are  sur- 
rounded by  ceils  which  have  not  yet 
become  degenerated.  The  plexiform 
angeio-sarcoma  is  really  an  endotheliosarcoma  or  endothelioma,  and  ou 
account  of  the  hyaline  cylinders  this  tumour  was  once  called  a  cylindroma. 
Volkmann  has  recently  made  a  careful  study  of  endothelioma.  It  is  fairly 
common,  and  varies  a  good  deal  macroscopic  ally  and  microscopically.  The 
cells  undergo  various  forms  of  degeneration  and  show  a  very  variable  group- 
ing (alveolar,  cylindrical,  etc.).  The  tumours  are  sometimes  encapsulated 
and  sometimes  more  diffuse,  with  a  very  variable  energy  of  growth  and  capa- 
bility of  recurrence.  Some  of  the  endotheliomata,  on  account  of  their  diffuse 
growth,  are  not  to  be  regarded  as  true  neoplasms,  but  rather  as  infectious 
tumours.  The  endothelioma  arises  in  some  cases  from  the  endothelium  of 
the  blood-vessels,  and  in  others  from  the  endothelioma  of  the  lymphatics  or 
connective  tissue.  Kiister  rightly  called  attention  to  the  fact  that  there  are 
hjpmorrhagic  sarcomata  or  angeio-sarcomata  (endotheliomata)  which  show 


■ihcoth. 

■lid,  or  endothali       , 

)iile  in  othcrt  tliey  have  utiJur^uu  de- 
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extensive  Jegeneralion  of  the  walls  of  vessels — i.  o.,  growth  of  endothdu  _ 
cells  and  Ijjaline  degeneration— before  a  tumour  nodule  has  become  devel- 
oped ;  they  lead  to  hiematomata  without  macroscnpically  visible  sarcoma 
tissue.  In  other  cases  such  hsematoniata  are  followed,  months  after,  perhaps. 
by  remarkably  maligiiunl  sarcouiala.  The  plcxiform  angreio-aarcoma  or  eii- 
dothehoma  isanatomieally 
easily  mistaken  for  carci- 


41IS.— Xnntti«lu>in&  lubcrooum.  IlcemBtoxylin  sti 
Fliu  tnl  wu  diHAlvcd  by  tliJMnical  with  Blcohol  i 
irijcnuutQ  oil,  uid  the  ipcciucu  enolooeil  iu  Cumdo 


s  a  marked- 
ly malignant  tumour,  re- 
curs after  extirpatiou,  and 
y  eauses  at  a  comparatively 
i  early  period  au  infection  of 
the  nearest  lymph  glands 
and  metastases.  Hence 
some  autiiora  have  design 
nat«d  the  malignant  en- 
dothelioma as  endothelial 
cancer.  This  endothelial 
cancer,  consisting  of  con- 
nective-tissue cells,  must,  of 
course,  be  sharply  dilferen- 
tiated  from  epithelial  car- 
cinoma. The  formation  of 
metastases  in  endothelial  cancer  is  very  characteristic.  Groups  of  cells  grow 
from  the  primary  tumour  into  the  lymph  spaces ;  tlie  secondary  nodules  are 
joined  together  and  with  the  primary  tumour  by  connecting  bauds  which  ar« 
often  visible  to  the  naked  eye.  The  diseased  lymph  glands  are  noticeably 
soft,  very  much  enlargt^d.  and  painless;  the  cells  of  the  eudolheliuma  are 
moat  numerous  at  the  hilum,  and  from  here  send  out  fine  processes  into  the 
medullary  substance. 

The  a'tinthoma  or  xanthelasma,  a  sulphur-yellow  or  brownish-yellow  pig- 
mentation of  the  skiu,  is,  according  to  De  Yiiicentiis.  Touton.  and  others,  au 
endothelioma  in  which  fat  has  been  deposited  (endothelioma  lipomatodes)  ; 
it  grows  from  the  endothelium  of  tlie  lymphatic  vessels.  The  peculiar  colour 
of  the  xanthoma  is  due  to  the  deposit  of  fat  iu  the  cells.  The  drops  of  fat 
are  sometimes  so  numerous  and  close  together  iu  the  interiorof  the  cells  that 
the  latter  are  diiBcult  to  recognise.  After  the  fat  has  become  dissolved  the 
cells  clear  up,  and  in  place  of  the  fat  drops  there  are  corresponding  gaps  in 
the  cells  iFig.  498),  It  occurs  in  a  flat  (xanthoma  plauumj  and  nodular 
(xanthoma  tuberosum)  form,  especially  on  the  eyelids,  though  occasionally 
it  has  a  multiple  character,  appearing  on  different  parts  of  the  body,  particu- 
larly where  there  are  folds  of  skiu  <flexor  side  of  joints,  axilla,  neck,  etc.). 
Now  and  then  the  eruption  occurs  more  or  less  suddenly — iu  the  course  of 
diabetes,  for  example  (xanthoma  diabeticum) — at  other  limes  symmetrically, 
probably  from  tropho- neurotic  disturbances.  Occasionally  it  changes  into 
sarcoma  or  fibroma  (aarco-xanthoma,  fibro- xanthoma). 

The  villous  sarcoma,  the  so-called  cholesteatoma,  which  may  be  en- 
1  the  meninges  of  the  brain,  probably  owes  its  origin  likewise 
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to  growth  of  the  endothelial  cells  of  the  vessels,  or  of  the  cells  of  their 
aheatha. 

Perhaps  the  psammoma  of  the  brain  and  orbit  described  bj  Virchow  also 
belongs  to  the  enilotheliomata.  They  are  characterised  by  the  presence  of 
large  amounts  of  lime  concretions  similar  to  the  "brain  sand"  normally 
present  in  the  hypophysis  cerebri.  Such  concretions  are  met  with  in  sar- 
coma, fibroma,  and  myxoma,  and,  according  to  Billroth,  are  to  be  regarded 
as  calcified  bundles  of  endothelial  cells  which  are  attached  to  the  blood- 
vessels, though  Virchow  thinks  they  are  also  the  result  of  the  calcification  of 
connective  tissue. 

The  melano-sarcoma  (pigmented  sarcoma)  is  characterised  by  the  presence 
of  a  brown  or  black  pigment  which  is  almost  always  deposited  in  the  cells, 
less  often  iu  the  intercellular  substance  and  walls  of  the  vessels.  On  section 
the  melanomata  are  brown,  or,  if  the  pigmentation  is  excessive,  black  in 
colour.  The  pigmented  cells  sometimes  have  branches  and  resemble  the 
chromatophores  of  the  choroid  membrane,  and  others  are  large,  round  cells  ; 
transition  forms  between  the  two  also  occur.  They  are  among  the  most 
malignant  tumours,  their  growth  being  sometimes  very  rapid  and  the  Dum- 
ber of  metastases  considerable  (see  Fig.  499).  They  are  most  likely  to  develop 
in  places  where  pigment  is  already  present — as  in  freckles  or  pigmented 
warts,  for  example  (Fig.  499) — and  most  commonly  begin  on  the  extremities. 
The  origin  of  the  pigment  is  doubtful.     According  to  Oussenbauer,  it  is 


Fio.  4{I9,— MelBnama  nrtiieskin 
upon  the  back  ;  within  nix  iii 


0  found  (Lilcko). 


formed  from  the  red  blood-corposcles  of  the  thrombosed  vessels,  while  others 
think  that  it  is  not  identical  with  the  pigment  resulting  from  haemorrhages, 
but  may  be  due  to  a  special  activity  of  the  cells  (Birch-Hirschfeld).  Schmidt 
considers  the  pigment  to  be  hjematogenous  in  nature,  having  passed  the 
hiemoaiderin  stage  and  parted  with  its  iron  reaction.  The  general  melanosis 
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that  follows  the  development  of  melanotic  sarcomata  of  the  skin  is  caused 
by  embolic  extension  of  the  tumours  (Tietze). 

Terrillon  observed,  in  a  case  of  melanosis  which  ran  a  rapidly  fatal  course, 
an  increase  in  the  number  of  white  corpuscles  in  the  blood  and  a  large  num- 
ber of  "  black  bodies."  The  amount  of  haemoglobin  in  the  blood  is  usually 
diminished,  rarely  increased.  Melanuria  is  encountered  in  rare  instances  of 
multiple  melanoma,  and  Zeller  found  variable  amounts  of  hydrobilirubin, 
melanin,  and  melagon  in  the  dark-brown  but  otherwise  perfectly  clear  urine. 
The  urine  in  melanosis,  when  first  passed,  is  clear,  but  if  allowed  to  stand 
becomes  black,  and  at  times  almost  the  colour  of  ink.  Before  death  the 
freshly  passed  urine  sometimes  looks  like  black  pitch. 

The  question  of  the  transmissibility  of  melanoma  has  been  experiment- 
ally studied  by  Lanz,  Tietze,  and  Jiirgens.  The  latter's  inoculation  experi- 
ments were  successful ;  within  two  to  three  weeks  melano-sarcomata  devel- 
oi>ed  in  the  peritonaeum,  and  metastases  were  formed.  Coccidia  were  always 
present.  Lanz  injected  into  a  guinea-pig  a  certain  amount  of  an  infusion  of 
melanotic  cutaneous  nodules,  melanotic  brain,  liver,  and  spleen.  The  animal 
died  a  month  and  a  half  after  the  injection,  and  the  autopsy  showed  collec- 
tions of  pigment  in  many  different  parts  of  the  body  (skin,  subcutaneous 
tissue,  muscles,  peritonaeum,  spleen,  liver,  kidneys,  etc.).  In  this  case  the 
pigment  must  have  been  formed  in  the  body,  as  only  very  little  of  the  colour- 
ing matter  was  injected. 

The  chloroma  is  a  pale,  grass,  or  brownish  green  round-celled  sarcoma, 
which,  according  to  the  observations  that  have  been  made  up  to  the  present 
time,  originates  in  the  periosteum  of  the  bones  of  the  face  and  cranium,  and 
gives  rise  to  metastatic  green  nodules  in  various  organs,  especially  the  liver 
and  kidneys.  Liicke  observed  a  chloroma  of  the  testicle.  According  to 
Huber,  the  green  colour  is  due  to  small,  very  refractive  granules,  which  are 
found  ill  the  cells,  and  which  give  the  micro-chemical  reaction  of  fat.  The 
chlorouia  is  also  characterised  by  the  presence  of  an  abiiornially  large 
amount  (»f  chlorine. 

AVe  have  already  dwelt  sufficiently  upon  the  eour.se  and  prognosis 
of  sareunia  when  discussing  its  different  varieties.  The  duration  of 
the  disease  depends  in  general  upon  the  importance  of  the  organ  in- 
volved. The  sarcoma  of  the  brain  is  the  most  rapidly  fatal,  and  may 
cause  death  in  one  and  a  half  to  two  mouths.  Sarcomata  of  the  medi- 
astinum are  likewise  very  malignant,  and  may  prove  fatal  in  a  few 
months  bv  suffocation  or  paralysis  of  the  heart.  The  prognosis  is 
most  favourable  in  the  sarcomata  of  the  skin,  which  can  be  easily  extir- 
pated, and  of  the  extremities  in  case  the  tumours  are  removed  early 
enough  by  operative  means.  We  have  already  mentioned  that  sarco- 
ma, especially  of  the  skin,  can  be  made  to  disappear  permanently  by 
the  inoculation  of  erysipelas.  Among  important  diagnostic  factors, 
besides  the  above-described  general  characteristics  of  sarcoma,  are  its 
location  and  the  age  of  the  patient.  Its  favourite  location  is  in  mus- 
cle, j)erio^teum,  bone,  nerves,  glands  (lymph  glands,  parotid,  testicle, 
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ma),  aad  it  not  infrequently  develops  after  an  injury. 
■  Age,  sarcoua  is  most  coroiuon  in  middle  life,  and  lees  so  ii 
I  and  old  age.     It  h  usually  a  painleue  tumour. 

The  general  rule  for  treatment  is  to  remove  tbe  neoplasm  ae  soon 
I'as  possible.  In  suitable  cases  of  encapsulated,  myelogenic  giant-celled 
larcoma  of  bone  the  anterior  half  only  of  the  bony  capsule  may  be 
I  removed  by  means  of  tlie  hammer  and  chisel  or  the  saw.  and  the 
\  tumour  carefully  scraped  out  with  a  sharp  spoon.  In  sarcomata  of 
I  the  long  bones  the  extremity  can  usually  be  preserved,  resection  in 
I  continuity  being  sufficient-  In  inoperable  cases  the  inoculation  of  tbe 
I  erysipelas  toxine  may  be  tried.  Burns  has  observed  three  permanent 
I  cures  in  five  cases  of  this  kind,  and  Coley  publislied  an  account  of  nine 
I  eases  with  four  cures.  Among  the  latter  wae  a  very  remarkable  case  of 
1  Bull's:  llound-celled  sarcoma  of  the  neck,  with  five  recurrences  in 
i  three  years ;  the  entire  removal  was  impossible  in  the  last  operation, 
I  and  a  wound  twelve  and  a  half  by  five  centimetres  resulted,  which 
I  soon  became  filled  up  with  masses  of  sarcoma  tissue.  Fourteen  days 
I  kter  two  attat^hs  of  erj-sipelaa  took  place,  whereupon  the  wound  rapidly 
I  cicatrised.  Seven  years  afterward  the  cure  was  found  by  Bull  and 
!■  Coley  to  l)e  perfect.  Langeubuch  has  also  published  an  instance  of 
I  a  great  number  of  recurrent  sarcomata  of  tiie  skin  which  were  caused 
L  to  disappear  by  this  means.  One  must,  however,  constantly  bear  in 
I  mind  that  the  patient  may  die  as  a  result  of  the  inoculation  of  erysipe- 
I  las,  and  hence  it  is  one's  duty  to  warn  the  patient  or  his  friends  of  the 
I  danger  lief  ore  this  procedure  is  adopted.  The  various  other  methods 
lof  treatment  of  sarcoma  are  described  in  the  Regional  Surgery,  and  in 
B  connection  with  the  treatment  of  tumours  in  general.  The  treatment 
of  sarcomata  by  to.xines  is  described  on  pages  778  and  779. 

§  1:29.  The  Epithelial  Tnmoun. — The  epithelial  tumours  include  the 
papilloma,  the  adenoma,  the  carcinoma,  and  the  epithelioma. 

I.  Papilloma. — The  papilloma  results  from  hyperplasia  of  the  epi- 
thelial layer  of  the  skiii  and  mucous  membranes,  with  a  corresponding 
new  growth  of  connective  tissue  and  blood-vessels.  It  is  really  a  mixed 
tumour  consisting  of  newly  formed  connective  tissue  and' epithelium. 
A  distinction  is  made  l)etween  a  imrd  and  a  soft  papilloma. 

The  bard,  horuy  papillomata  include,  in  the  first  place,  warts  (ver- 
rucfB),  which  are  the  well-known  growths  of  the  papilla-  of  the  skin 
and  epidermis,  about  the  size  of  a  bean  or  a  pea.  They  are  essentially 
a  product  of  an  overgrowth  of  the  epidermis,  which  becomes  horny. 
They  are  inoculable,  as  proved  exjieri mentally  by  Judassohn,  and  some- 
times develop  in  great  numbers,  particularly  on  the  hands.  In  i 
cases  a  diffuse  warty  hypertrophy  of  the  cutis  occurs — e.  g.,  on  the 
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Bcalp  (Fig.  5O0\  Mention  should  also  l>e  made  of  the  onyehoi 
(hypertrophy  of  the  nails i,  calluses  (clavi)  resulting  from  a  oirciini- " 
scribed  hyperplaeia  of  the  epidermis,  and  the 
cutaneous  horns  (cornea  cutanea),  whidi  are  ex- 
crescences on  the  sliiu  due  to  a  new  growth  of 
horny  epithelial  cells.  The  cutaneous  horns  occa- 
sionully  originate  from  the  eebaceous  glands  or 
from  open  atheromata  (selmceons  cysts).  They 
are  most  common  on  the  forehead  and  nose  in 
old  people.  Brinton  has  collected  fifteen  cases 
of  cntaueoiis  horn  of  the  ])enis,  besides  one  that 
came  under  bis  ovra  observation.  They  some- 
times occur  in  great  numbers  IFig.  501),  not  in- 
frequently lieing  curved,  and  may  attain  a  length 
of  from  twelve  to  sixteen  centimetres  or  more 
(see  Regional  Surgery,  §  5),  It  should  be  not«tl  that  occasionally 
benign  cutaneous  horns  which  consist  only  of  horny  epithelial  cells 
develop  into  carcinomata. 

In  this  category  belong  also  the  tumour-like 
thickenings  of  the  epidermis  called  keratomata, 
which  are  most  commonly  found  on  the  sole  of 
the  foot  and  the  palm  of  the  band,  and  are  not 
infrequently  inherited  by  all  the  branches  of  a 
family  for  many  generations  (Unna).  They  re- 
sult from  a  thickening  of  the  epidermis,  though 
the  whole  cutis  also  takes  part  in  the  hypei-plasia. 
They  often  change  into  real  cutaneous  horns  or 
become  combined  with  other  new  growths  like 
angeiomata  (angeio- keratoma).  Unna  recom- 
mends for  their  treatment  the  use  of  a  ten-i>er- 
cent.  ethereal  solution  of  salicylic  acid,  or  the 
latter  made  into  a  plaster. 

The  soft  papilloma  is  characterised  by  a  soft 
stroma,  a  marked  vascularity,  and  a  very  mo<ier- 

ate  growth  of  epithelium,  which  does  not  become  *'">■  soi.— Multipta  cuiku*- 
homy.     It  occurs  on  the  skin  and  mucous  mem-  '      " 

branes— for  example,  of  the  bladder,  rectum,  and         „,  _ 

uterus.  The  cauliflower  excrescence  of  the  vagi-  Tm^T^"^""^^  '^ 
nal  portion  of  the  cervix  is  a  soft  papilloma.    In 

the  rectum,  utems,  and  in  other  mucous  membranes,  the  soft  papilloma 
forms  growths  which  are  analogous  to  the  above-mentioned  mucous 
■polyps.     The  polyps  which  are  covered  with  epidermis,  rete  Malpighii, 
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catie,  and  hair,  ani:!  occtir  in  the  pharynx,  for  example,  originate,  accord- 
ing to  Arnold,  from  strayed  embryonic  cells  and  probably  belong  to 
the  teratomata.  The  soft  papillomata  not  infrequently  change  into 
sarcoma  and  carcinoma.  The  condylomata  acuminata  or  venereal 
warts  found  on  the  mucous 
membrane  of  the  vulva,  vagi- 
na, and  penis  belong  to  the 
soft  papillomata.  The  broad 
condylomata  (condylomata 
lata)  are  papillary  growths 
with  a  broad  baee,  and  of- 
ten occur  about  the  anus  in 
syphilis. 

The  various  kinds  of  pap- 
illoma should  be  treated  ac- 
cording to  the  general  rules 
already  laid  down.  Warts 
should  be  removed  by  cauter- 
isation with  crude,  fuming 
nitric  acid  (not  chemically 
pure)  after  paring  off  the  epi- 
dermis with  a  knife.  They  114509  m  uk 
are  then  usually  cast  off  on 

the  fifth  or  sixth  day,  or,  if  not,  they  may  have  to  be  cauterised  again. 
Repeated  applications  of  salicylic  or  iodoform  collodion  with  a  brush, 
as  well  as  of  a  paste  made  with  arsenic,  are  also  exceedingly  serviceable. 
By  the  use  of  these  medicaments  the  wart  gradually  drops  off  in  the 
form  of  a  dried-up  eschar.  The  same  treatment  may  be  used  for  cal- 
luses and  corns,  though  they  can  be  removed  more  simply  by  the  knife 
after  softening  them  by  salt-water  baths. 

HoUucnnt  CoDtaj^oitim  or  Epithelioma  Holltuoiun.— Authorities  ditfep 
widely  in  their  views  aa  to  the  nature  of  moUuscum  contagiosum.  It  is  a 
peculiar  akin  disease  in  which  there  is  a  development  of  numerous  nodules, 
varj'ing  in  size  from  that  of  a  pea  to  that  of  a  haiel-nut  or  larj^r,  generally 
located  on  the  uncovered  parts  of  the  body  and  on  the  genitals.  The  iimatl 
tumours  are  epithelial  in  character,  and  are  said  liy  Hebru  to  be  caused  by  an 
accumulation  of  cells  in  a  sebaceous  gland,  while  Vircliow  thinks  the  growth 
of  epithelial  cells  begins  in  the  hair  follicles,  and  Bizzozero  in  the  interpapil- 
lary  portions  of  the  rete  Matpig-hii.  They  contain  characteristic  bodies,  partly 
free  and  partly  enclosed  in  cells  which  resemble  swollen  starch,  and  which, 
according  to  Letwr.  are  degenerated  epithelial  cells,  although  KIcbs  and  Bol- 
linger maintain  thiit  they  are  parasitic  (psoR>s|)erm.s,  coccidia).  lu  its  fuc- 
tber  growth  the  molbiscuiii  cmiliigiiisnm  develo|>s  into  a  spherical  elevation 
above  the  skin  surface,  and  may  becumc  pedunculated.     A  cheesy  material 
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can  be  expressed  from  the  tuiaour  bj  pressure,  which  probably  c 
tliti  proliferated  cells  of  the  rete  Malpighii  coutainiug  the  parasites.  The 
disease  is  contagious,  and  not  infrequently  occurs  in  the  form  of  epidemics, 
especially  in  children's  institutions.  Isolated  cases  are  rarely  met  with.  The 
nature  of  thu  morphological  changes  in  the  cells  is  obscure,  and  it  is  still 
under  discussion  whether  they  are  caused  by  degeneration  or  by  parasites. 
lu  my  opinion,  the  contagiousness  can  only  be  explained  on  the  parasitic 
theory.  The  treatment  consists  in  simply  pressing  out  the  small  tumours 
with  tlie  finger  nail ;  the  larger  ones  may  require  the  use  of  the  sharp  spoou. 
Heating  takes  place  without  the  fornjation  of  a  scar, 

II.  Adenoma  (Glandular  Tumour). — The  adenomata  correepoad  in 
their  structure  to  thut  of  glands  (Fig,  503),  but  the  term  does  not 
include  simple  hypertrophy  of  the  latter,  being  used  to  designate  only 
the  true  new  growths  which  are  separated  from  the  surrounding  tissoee 
in  the  form  of  circumscribed  nodnlar  tQmours.  Even  adenomatous 
degeneration  of  an  entire  organ  can  be  easily  distinguiahed  from  a  gen- 
eral glandular  hyperplasia.  The  adeuomata  form  both  hard  and  soft 
tumours.  Microscopically,  a  distinction  ia  made  between  tnbulous  and 
acinous  or  alveolar  adenomata.  They  are  very  often  combined  with 
the  formation  of  cynts  The  adenoma  le  m  itself  not  malignant,  but  it 
frequently  changes  mto  a  destructive  form — i.  e.,  it  becomes  a  carci- 
noma, in  that  the  growing  tubules  penetrate  the  surrounding  parts, 
take  on  an  atypical  growth,  destroy 
\j  ■^  ~  "^       the  neighbouring  tissues,  and,  by  in- 

^i^  -         Tolvmg   the    lymphatics   and   blood- 

"*  vesselb,  give  rise  to  metastases.     The 

commence  me  lit  of  a  change  like  this 
from  adeujma  to  carcinoma  has  been 
called  adenoid.     There  are,  however, 
^At  imhgii  Hit  adenomata,  which  remain 

^J '  true  adeuomata,  with  a  distinct  separa- 

^^^  tionof  the  glandular  epithelium  from 

\M  li  tiie   Btioma,  but   which   nevertheless 

™  *  cause  local  destruction  of  tissue  and 

tiu  6»— vitu  u  u  i-oiioiiir  r  gn  e  n«e  to  metastases.  Theadenoma 
of  the  rettuni  is  an  example  of  this 
^anet)  The  adenoma  is  found  in  vanoub  glandular  organs,  in  the 
bkm  (sebaceouo  glando,  eweat  giauds)  in  the  respiratory  and  digestive 
trattft  in  the  gtnital  organii,  the  mamma,  th\roid  and  saHvary  giands, 
liver,  kidney,  etc 

Thi-  tri-Htment  of  ailenoma  eonsi'^ta  m  prompt  extirpation  of  the 
tumour  ds  it  ift  to  be  looked  upon  ao  an  earh  stage  of  carcinoma,  into 
nhich  it  frequLUtlj  develops      "U  ith  refeience  to  the  technique  of  the 
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operatiou  for  removal  of  adenoma  of  tlie  thyroid  (goitre)  and  of  lapa- 
rotomy for  removal  of  ovarian  adenoma,  particulars  will  be  found  in 
tiie  Regional  Surgery. 

III.  Caroiiioma  (Cancer). — The  carcinoma  Is  a  tumour  that  develops 
from  epithelial  and  glandular  cells,  destroys  the  normal  type  of  the 
tissue  in  the  region  primarily  affected,  is  characterised  by  unlimited 


growth  at  its  periphery,  by  tlie  formation  of  metastaaes  chiefly  by  way 
of  the  lymph  passages,  and  terminates  fatally,  in  the  great  majority  of 
cases,  with  symptoms  of  ft  genera!  intoxication  (cancerous  cachexia).  It 
originates  from  tjie  atypicft!  growth  of  epithelial  cells,  the  latter  form- 
ing the  main  part  of  the  tumour,  though  erery  atypical  growth  of  epi- 
thelium is  not  cancer.  In  inflammatory  processes  and  in  the  healing 
of  wonntls  an  atypical  growth  of  epithelial  cells  takes  place  in  the  form 
of  cylinders  or  bulbs,  but  their  growth  is  limited,  and  they  do  not  infil- 
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ti-ate  ami  destroj  tlie  eurrouuding  tissues.  It  is  qnite  different  with 
carcinoma.  Here  the  epithelial  cells  ket-p  on  growing  unhindered  ;  they 
infiltrate  the  surroandiug  tissues  iu  the  form  of  eell  uesta,  displacing 
and  destroying  them.  The  cellular 
cylinders  and  nests,  which  are  made 
up  of  proliferating  epithelial  cells, 
lie  enilieddeJ  in  a  partly  old  and 
partly  new  formed  connective- tis- 
sue stroma  (Fig.  50S).  The  origin 
of  tamours,  and  particularly  of  car- 
cinoma, has  been  discussed  on  page 
770.  Colinheim's  theory  was  also 
given  there.  According  to  Rilihert, 
carcinoma  begins  with  a  vigorous 
cellular  proliferation  of  the  subepi- 
thelial connective  tissue,  and  not 
with  a  primary  advance  of  the  epi- 
Kibbert  claims  that  in  some  of  the 
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cases  the  subepitbeUal  inflammatioa  of  the  connective  tissue  is  tulier- 
cular  in  nature.  The  growth  of  subepithelial  connective  tissue  into 
the  epithelium  causes  the  epithelial  cells  to  become  separated  from  their 
organic  connections,  and  to  be  displaced  into  the  cellular  connective 
tissue,  where  they  can  take  on  an  inde- 
pendent growth.  It  is  lliis  separation  of 
epithelial  cells  from  their  normal  connec- 
tions and  their  displaeeiuent  among  prolif- 
erating connective  tissue  that  constitutes, 
according  to  Ribliert,  the  real  nature  of 
carcinoma  formation.  This  theory  is  ap- 
plicable to  a  certain  number  of  carcinomata, 
but  not  to  all  (Ilauser).  The  mode  of 
origin  of  carcinoma  is  certainly  not  always 
the  same ;  the  tissue  changes  may  start  first 
in  the  epithelium  or  in  the  conuective  tis- 
sue, depending  upon  which  of  these  is  acted 
upon  by  the  morbid  process.  But,  wher- 
ever it  begins,  the  final  result  in  carcinoma 
is  always  the  same,  and  consists  chiefly  in 
a  fundamental  alteration  in  the  biological  propertieaof  tlie  epithelial 
cells,  so  that  they  take  on  parasitdc  characteristics.  The  carcinoma  cell 
has  become  a  different  one  morphologically  and  biologically  from  the 
mother  cell  from  which  it  was  derived.     The  real  nature  of  these 
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degenerative  changes  is  still  unknown.  Of  late  attempts  have  been 
made  to  establish  the  microbic  origin  of  carcinoma  (see  page  819,  flf). 
As  a  result  of  the  unimpeded  growth  of  the  carcinoma,  or  rather  of 
the  groups  of  epithelial  cells,  the  latter  invade  the  lymph  and  blood- 
vessels and  produce,  by  means  of  transported  living  cancer  cells,  sec- 
ondary nodules  in  the  nearest  lymph  glands,  and  later  in  the  various 
internal  organs  (Fig.  506).  This  power  of  forming  metastases — ^in 
other  words,  of  causing  a  general  infection  of  the  body — is  character- 
istic of  cancer.  As  regards  the  development  of  metastases  in  the  lymph 
glands,  it  has  been  shown  that  the  epithelial  cells  which  make  their 
way  through  the  afferent  lymphatics  into  the  lymph  sinuses  multiply 
by  caryocinesis ;  that  they,  by  their  continuous  growth,  mechanically 
displace  the  glandular  tissue;  and  that  endothelial  cells  and  lymph 
cells  do  not  change  into  cancer  cells.  Before  the  appearance  of  the 
metastjitic  elements  the  lymph  glands  are  usually  in  a  condition  of 
inflammatory  h}T)erplasia.  The  metastases  may  be  especially  numerous 
if  a  carcinoma  breaks  through  directly  into  a  large  vein  and  carcinoma 
cells  are  carried  through  the  circulation.  Goldmann  has  shown  that 
this  occurs  more  often  than  has  hitherto  been  supposed. 

Thiersch  was  the  first  to  prove  the  epithelial  origin  of  cutaneous 
carcinomata,  and  Waldeyer  afterwards  furnished  the  same  proof  for 
carcinomata  of  the  various  organs.  Other  authorities — e.  g.,  Klebs, 
Gussenbauer,  and  Rindfleisch — still  hold  with  Virchow  to  the  earlier 
view,  that  the  carcinoma  cells  can  also  originate  from  connective-tissue 
cells,  particularly  from  endothelia.  Klebs  has  recently  expressed  his 
views  regarding  this  question  by  saying  that  the  connective-tissue  cells 
and  other  cells— e.  g.,  the  elements  of  striated  muscular  fibres — in  con- 
sequence of  "  epithelial  infection  "  by  the  carcinoma  cells  derived  from 
the  pre-existing  epithelia,  become  epithelioid  carcinoma  cells.  We 
have  already  said,  in  discussing  sarcoma,  that  alveolar  sarcomata  are 
sometimes  difiicult  to  diiferentiate  from  carcinomata  anatomically,  and 
that  manv  endotheliomata  run  a  similar  clinical  course  to  carcinomata. 

In  the  skin  the  carcinoma  arises  from  the  cells  of  the  rete  Mal- 
pighii  or  from  the  cutaneous  glands ;  an  infiltration  of  the  corium  with 
epithelial  cells  gradually  takes  place,  the  cells  being  collected  in  single 
groups,  cylinders,  or  nests  which  lie  in  a  partly  old  and  partly  new 
formed  connective-tissue  stroma.  In  the  glands  a  proliferation  of  the 
glandular  epithelium  first  takes  place,  forming  an  adenoma;  then  these 
proliferated  cells  invade  the  tissue  surrounding  the  lobes  of  the  glands, 
where  they  continue  to  grow  unimpeded.  The  shape  of  the  i)roliferated 
epithelial  or  cancer  cells  is  not  constant,  but  depends  upon  the  location 
of  the  cancer.     The  cells  of  an  epithelioma  of  the  skin  correspond  in 
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genera]  lo  tboee  of  the  rete  Mulpigliii,  while  in  a  carcinoma  of  the 
stotnacli  they  have  a  cylindrical  form,  etc.  Itetrograde  metamorphoses 
are  very  common  in  carcinoma  because  the  nutrition  of  the  great  num- 
bers of  cancer  cells  is  insufficient.  Hence  fatty,  mncoid,  colloid,  or 
cystic  degBDeration  as  well  as  calcification  are  of  frequent  occurrence. 
pBamniocarcinomata  of  tlie  ovary  and  mammary  gland  have  been 
described — i.  e.,  carcinomata  with  degeneration  products   resembling 
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grains  of  sand,  which  are  scattered  through  the  tumour  in  n  deiinit« 
way.  Tiie  degenerative  changes  in  the  central  portions  of  n  carcinoma 
and  the  adhesion  to  the  integument  often  give  rise  to  an  umbilicated 
drawing  in  or  depression  of  the  skin.  Superficial  carcinomata,  espe- 
cially those  which  in  volve  the  skin,  mucous  membranes,  or  mamma,  are 
extremely  apt  to  break  down  and  form  extensive  sloughing,  punched- 
out  ulcers  (Figs.  507,  508).  Bleeding  not  infrequently  takctt  place, 
manifesting  itself  in  the  form  of  circumscribed  litemorrhages  or  hlood 
cysts,  or,  in  other  cases,  a  carcinoma  may  by  degrees  erode  a  large 
vessel,  and  thus  suddenly  lead  to  a  profuse  loss  of  blood,  which  may 
prove  fatal. 

Occasionally  a  primary  carcinoma  is  found  in  a  multiple  form. 
Schimnielhnsch  has  collected  these  rare  cases  from  literature  showing 
that  multiple  carcinomata  of  the  skin  are  the  most  common,  and  may 
develop  from  a  soot  or  tar  eczema,  from  senile  seborrljcEft  and  xero- 
derma pigmentosum,  ulcer  of  the  leg,  etc.  The  multiplicity  of  carci- 
nomata results  from  the  multiplicity  of"  the  irritations  and  of  the 
embryonic  starting  points  of  tumour  (Walter).     Regarding  the  devel- 
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opment  of  multiple  carcinomata  by  inoculation  or  implantation  from 
one  part  of  the  body  to  another,  see  page  820. 

Tlie  following  different  varieties  of  carcinoma  can  be  distinguished  : 

1.  Flat  Epithelial  Cancer  or  Epithelioma. — The  epithelioma  of  the  skin, 
or  cancroid,  appears  in  the  form  of  diffuse  thickenings  or  nodular,  warty,  often 
ulcerating,  elevations.  On  section,  the  alveolar  structure  can  usually  be  seen 
with  the  naked  eye  and  the  epithelial  nests  or  cylinders  can  be  squeezed  out 
or  scraped  from  the  cut  surface  with  the  knife.  Some  epithelioniata  remain 
superficial,  while  others  grow  into  the  deeper  parts.  The  superficial  variety, 
ulcus  rodens,  as  it  used  to  be  called,  arises  mainly  from  the  rete  Malpighii, 
while  the  growth  having  deeper  attachments  takes  its  origin  to  a  greater 
extent  from  the  sebaceous  glands. 

Epitheliomata  also  develop  on  mucous  membranes  that  have  a  pavement 
epithelium  (mouth,  pharynx,  oesophagus,  vagina,  uterus,  bladder). 

2.  Cylindrical-celled  Carcinoma. — The  carcinoma  with  cylindrical  cells  is 
found  particularly  in  the  mucous  membrane  of  the  digestive  tract  and  uterus ; 
it  has  a  soft  consistence  and  is  very  likely  to  undergo  a  mucoid  degeneration. 

3.  Carcinoma  with  Gland  Cells  (Carcinoma  Glandidare). — This  is  found 
in  various  glandular  organs  (mamma,  liver,  salivary  glands,  kidneys,  testicles, 
etc.),  and  varies  histologically  according  to  the  organ  affected. 

4.  Other  Varieties  of  Carcinoma, — According  to  the  shape,  consistence, 
and  other  properties  of  the  cancer  the  following  varieties  may  be  differen- 
tiated. The  scirrhus  is  a  very  hard,  tough  carcinoma  with  small  and  few 
cancer-cell  nests  lying  in  a  dense  stroma.  The  soft  carcinoma  (carcinoma 
medullare)  is  the  opposite  of  the  scirrhus,  being  rich  in  cells  and  having  a 
soft  stroma.  The  pigmented  or  melano-carcinoma,  like  the  melano-sarcoma, 
is  a  brown  or  black  tumour,  which  is,  however,  much  less  common  than  the 
latter.    The  pigment  is  likewise  situated  in  the  cells. 

The  so-called  giant-celled  carcinoma  is  in  some  instances  made  up  of  true 
giant  cells,  while  in  others  the  increase  in  the  size  of  the  cells  is  due  to 
mucoid  or  dropsical  degeneration. 

The  colloid  cancer  (carcinoma  gelatinosum)  occurs  especially  in  the  intes- 
tine and  breast,  where  it  forms  a  transparent  gelatinous  tumour  as  a  result 
of  the  mucoid  or  gelatinous  degeneration  of  the  cell 
nests.  The  carcinoma  myxomatodes  originates  either 
from  the  mucoid  degeneration  of  the  stroma  and  often 
of  the  cancer  cells,  or  from  the  combination  of  a  myx- 
oma with  a  carcinoma  (niyxo-carcinoma).  Occasion- 
ally colloid  degeneration  of  the  cancer  cells  gives  rise 
to  homogeneous  spherical  bodies  which  are  found  in 
the  cancer  nests.     Psammocarcinoma  is  spoken  of  on 

^^^L!^^'^'  ,  ^  .  .  .   I,         Fig.  600.— Einthelioma  of 

The  external  appearance  of  carcmoma  is  variable.         the  lower  liji  iu  u  man 

It  sometimes  forms  circumscribed  nodules  and  warty         E^mion.  ^""^jLvf' 
elevations,  as  in  Fig.  509,  sometimes  more  diffuse,  su- 
perficial infiltrations  and  indurations,  or  ulcers  with  hard,  thickened,  and 
infiltrated  edges  (Figs.  507,  508,  510),  or,  finally,  papillary  cauliflower-like 
growths  (Fig.  511),  particularly  on  the  mucous  membranes — e.  g.,  on  the 


bl&dder.  et«.  Occasionally  the  skin,  as  in  the  region  of  the  mamma,  bi-cotnes 
diffusely  iliseased,  as  hard  as  a  board,  and  infiltrated  by  a  great  uuiiilier  of 
small  and  largi?  iiodulea  {cancer  en  cuiraeae). 

Etiologry  of  Carcinoma.— Local  irritations  of  a  mechanical  and  chem- 
ical character  are  very  important  factors  in  the  prodnctjon  of  a  car- 
cinoma. Hence  one  is  most  likely  to  develop  in  tlioee  parts  of  tbe  body 
where  mechanical  and  chemical  irritatione  coumiouly  occur,  as  in  the 
ekin,  lips,  month,  cesopbagus,  and  in  other  parts  of  the  digeetive  tract 
where  normally  narrow  places  exiet,  eucli  as,  for  example,  the  oeeopha- 
gufi  at  the  point  where  it  passes  through  the  diaphragm,  the  cardiac 
and  pyloric  regions  of  the  stomach,  the  sigmoid  ilexure,  the  rectum  near 
the  sphincter  tertius,  and  the  anns.  In  men,  cancers  of  the  skin,  lips 
(almost  always  the  lower  lip),  mouth,  and  rectum  are  tbe  most  com- 
mon ;  while  in  women  the  glandular  earcinomata  predominate,  and 
those  of  the  mamma  and  the  uterus  are  esi>ecia11y  frequent.  This  latter 
fact  explains  why  earcinomata  occur  more  frequently  in  the  female  eex 
than  in  the  male.  Out  of  7,878  cases  of  carcinoma,  2,861  occurred  in 
males  and  5,017  in  females.  Carcinoma  of  the  stomach  is  equally 
common  in  women  and-  men,  and  is  very  likely  to  develop  from   a 


cicatrised  gastric  ulcer.  The  epitheliomata  of  the  lips,  especially  the 
lower  lip  in  men,  having  been  ascribed  to  smoking,  to  frequent  irrita- 
tion from  unskilful  shaving,  etc.,  and  the  epitheliomata  of  the  tongue 
and  mucous  memhrane  of  the  inside  of  the  mouth  to  the  irritation  pro- 
duced liy  smoking,  chewing  tobacco,  and  drinking,  or  by  the  sharp 
edges  of  the  teeth.     Out  of  77  earcinomata  of  the  Hp,  73  occurred  in 


«12».] 


THE  EPITHELIAL  TUMOUfiS. 


817 


men  aud  4  in  women,  and  tliree  out  of  the  four  women  were  eniokere 
{^Varreii).  Out  of  245  cases  of  carcinoma  of  the  tongue,  230  were 
mates  (Fennel,  Sachs,  Bottini).  The  100  easee  observed  by  Bottini  all 
occurred  in  individuals  who  were  very  much 
given  to  the  use  of  tobacco,  inclnding  three 
women.  Chewing  has  been  seen  to  cause 
carcinoma  of  the  mucous  membrane  of  the 
cheek  and  gum  in  the  vicinity  of  the  last 
molar  teeth  even  in  young  subjects.  Tobac- 
co in  its  natural  form  does  not  appear  to 
be  injurious,  but  rather  the  substances 
which  are  used  in  the  tobacco  factories  for 
adulterating  it.  The  epitheliomata  of  the 
scrotum,  observed  in  chimney-sweeps  and 
workers  in  tar  and  paraffin,  are  explainable 
on  the  same  principle.  Analogous  irritat- 
ing chemical  substances  are  present  in  soot, 
tar,  and  paraffin,  just  as  in  tobacco-smoke, 
tobacco- juice,  and  tobacco-ashes — i,  e.,  va- 
rious products  of  dry  distillation,  especially 
tar,  carbonate  and  acetate  of  ammonium, 
pure  acetic  acid,  aud  carbolic  acid.  These 
irritating  substances  become  deposited  in 
the  skin  of  the  scrotum,  and  sometimes  give 
rise  to  cancer.  I  observed  in  a  worker  in 
paraffin  who  had  a  characteristic  chronic 
paraffin  dermatitis,  with  the  formation  of 
scabs  and  pnstalos  on  the  bands  and  fore- 
arms, the  development  of  a  typical  car- 
cinoma with  metastases  at  the  site  of  one 
of  the  scabs.     Fig.  512  shows  the  hand  of 

this  patient,  who  finally  died  of  general  carcinosis.  Two  years  pre- 
viously I  had  removed  from  the  same  man  a  paraffin  epithelioma  of 
tlie  scrotum,  which  did  not  recur.  Characteristic  examples  of  the 
development  of  carcinoma  from  chemical  and  in  part  traumatic  irri- 
tations are  the  carcinoma  of  the  penis,  which  occurs  almost  exclusively 
in  case  of  a  tight  foreskin  (phimosis),  aud  the  primary  carcinoma  of  the 
gall-bladder  in  case  of  pall-etoneK.  Chronic  inflammations  in  various 
parts  of  the  body  often  give  rise  to  carcinoma — e.  g.,  ulcers,  flstnlee, 
sequestrum  cavities,  syphilitic  and  tubercular  processee,  etc.  Carcino- 
ma also  develops  in  benign  tumonrs — e.  g.,  in  warts,  sebaceous  glands, 
cutaneous  horns,  etc.     In  some  cases  a  single  traumatism  (blow,  kick, 
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etc.)  or  cicatrix  is  a  sufficient  predisposing  factor  to  produce  a  car- 
cinoma. The  carcinomata  that  form  in  cicatrices  probably  develop 
from  epithelial  cells  inclosed  in  the  scar.  According  to  different 
authors,  the  development  of  carcinoma  is  favoured  by  a  too  plentiful 
meat  diet,  as  the  inhabitants  of  southern  countries,  who  live  largely  on 
vegetable  food,  and  the  herbivorous  animals,  are  said,  as  compared  with 
the  camivora,  to  suffer  very  seldom  from  this  disease.  A  predisposi- 
tion to  carcinoma  often  appears  to  be  inherited.  There  are  numerous 
very  striking  examples  which  prove  the  heredity  of  carcinoma.  I  need 
only  mention  the  Napoleon  family,  and  the  instance  reported  by  Broca, 
in  which,  out  of  26  descendants  (over  30  years  of  age)  of  a  woman  who 
died  of  carcinoma  of  the  breast,  15  developed  carcinoma.  It  is  essen- 
tially a  disease  of  advanced  life.  At  this  period  a  slowly  increasing 
atrophy  of  the  stroma,  in  a  certain  sense,  takes  place,  with  degeneration 
of  the  elastic  fibres,  causing  the  skin,  for  instance,  to  become  shrivelled 
and  thin,  and  rendering  it  easier  for  the  epithelium  to  make  its  way 
into  the  stroma  as  a  result  of  mechanical  or  chemical  irritations.  A 
"  boundary  war,"  as  it  were,  begins  between  epithelium  and  connect- 
ive tissue,  wliich  in  carcinoma  ends  in  a  victorious  entrance  of  the 
epithelium  into  the  less  resistant  stroma.  The  highest  mortality  of  car- 
cinoma occurs  between  fifty -five  and  sixty-five.  It  is  interesting  to 
note  that  white  people  are  twice  as  often  attacked  by  carcinoma  as  col- 
ored. Social  conditions  are  also  of  impoi^tance  in  the  origin  of  carcino- 
ma. It  is  more  common  among  the  higher  classes  and  among  country 
people  than  among  the  poor  and  those  who  live  in  industrial  centres 
(K.  Williams).  With  the  improvement  in  the  condition  of  the  people 
in  England  the  malignant  tumours  (carcinoma,  sarcoma)  have  become 
more  common,  and  the  mortality  rate  is  at  present  four  times  larger 
than  it  was  fifty  years  ago  (Williams).  Among  vegetarians— e.  g.,  in 
India — carcinoma  is  rarer  than  among  the  population  in  England,  where 
meat  is  usually  eaten.  The  statistics  of  Nason  show  that  carcinoma  has 
increased  of  late,  particularly  in  swampy  regions  with  stagnant  water, 
and  he  considers  it  possible  that  the  evaporation  of  stagnant  water  or 
soft  ground  causes  infection  just  as  in  the  case  of  malaria  (see  page 
819,  Importance  of  Micro-organisms  in  the  Etiology  of  Carcinoma). 

What  is  the  cause  of  the  unlimited  energy  and  power  of  growth 
possessed  by  carcinoma  ?  Hansemann  attempted  to  answer  this  ques- 
tion in  the  following  way:  While  it  is  an  established  fact  under 
normal  conditions  that  in  the  indirect  nuclear  division  the  chromatin 
or  nuclear  fibrils  divide  into  exactly  equal-sized  groups,  in  malignant 
epithelial  tumours  (carcinoma)  a  division  often  takes  place  into  two 
unequal  groups.     This  asymmetrical  nuclear  division,  which  belongs 
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ODijto  the  malignant  epithelial  growthB,.i8  dne  to  the  fact  that  the  cell 
eliniinatee  certain  parts  of  its  protoplasm  in  the  same  way  that  the 
ovum,  bj-  expelling  the  directing  or  polar  globulee,  frees  itself  of  cer- 
tain elements  that  are  present  in  too  large  qnantities.  In  this  n'ay  the 
cancer  cells  attain  an  independence  like  that  of  the  ovum,  and  to  this 
is  due  their  energy  of  growth  and  power  of  further  development  as 
metastases  in  different  parts  of  the  body. 

Xmpoitanoe  of  Kioro-OTganiams  is  the  Etiology  of  Carcinoma,— lu  recent 
times  tlie  attempt  has  been  repeatedly  made  to  establifili  the  niicrobic  theory 
of  the  origin  of  carcinoma.  Bacteria  have  frequently  been  found  in  carci- 
Domata,  and  Scheuerleu,  in  particu- 
lar, believed  that  he  had  found  the 
bacillus  of  carciuoma,  which  was 
afterwards  proved  to  be  a  harmlesB 
saprophyte.  Besides  harmless  sapro- 
phytes, the  bacteria  of  inflamma- 
tion and  suppuration  (staphylococci, 
streptococci,  and  bacilli)  are  occa- 
sionally found  in  malignant  tu- 
mours, particularly  in  degenerated 
portions.  These  bacteria  are  of  no 
importance  in  the  orij^u  of  carcino- 
ma, but  Ihey  sometimes  give  rise  to 
suppuration  and  even  septic  infec- 
tion. Numerous  bacteriological  in- 
vestigations show  that  micro-organ- 
isms (bacteria,  fungi,  etc.)  may  be 
deposited  in  tumours,  even  though 
the  latter  are  not  in  direct  contact 
with  the  external  a 

At  present  the  parasitic  theory 
of  the  origin  of  carcinonia  (by  pro- 
tozoa) is  attracttnguniversal  interest 
The  protozoa  have  already  been  de- 
scribed as  tlie  causes  of  vegetable  and 
auimal  diseases  (page  282).  Darier 
and  Thoma  in  ISSildiscoveretl.  Inde- 
pendently of  one  anotlier,  certain  parasitic  organisms  in  the  epithelial  cells 
of  carcinomata  of  the  stomach,  rectum,  and  breast  (Fig.  513).  Darier  classi- 
fied these  as  siwrozoa  ipsorosperins).  These  doubtful  bodies  are  unicellular 
orgauism-s,  4  to  15  micromillimetres  in  diameter,  consisting  of  protoplasm 
and  a  nucleus.  They  occur  singly  or  in  groups  of  four  to  six  within  tlie 
nuclei.  They  can  be  sljiined  by  the  usual  methods.  The  original  reports  of 
Darier  and  Tlioma  have  been  followed  by  numerous  other  confirmatory 
reports  of  different  authorities.  Some  of  these  regard  the  organisms  in  ques- 
tion as  sp<iroiofl.  and  as  the  exciting  cause  of  carcinoma ;  others  believe  only 
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cipient;  this  predisposition  is  present  in  individuals  having  carcinoma.  The 
rarity  of  successful  inoculation  of  carcinoma  from  one  animal  to  another  of 
the  same  species  shows  that  the  inoculation  of  healthy  individuals  by  those 
suffering  from  the  disease  only  occurs  in  exceptional  cases. 

Carcinoma  can  thus  be  said  not  to  belong  to  the  contagious  diseases  in 
the  usual  sense.  Contagion  is  possible,  as,  for  example,  in  the  case  of  wives 
with  carcinoma  of  the  uterus  who  give  their  husbands  a  carcinoma  of  the 
penis ;  but  it  really  belongs  to  the  rarest  exceptions. 

The  successful  inoculations  of  carcinoma  cannot,  as  has  been  said,  be 
used  as  proof  of  the  parasitic  origin  of  carcinoma.  They  merely  have  the 
importance  of  a  successful  transplantation  of  tissue. 

Although  the  parasitic  theory  of  carcinoma  has  not  yet  been  proved, 
it  must  nevertheless  be  said  that  there  is,  a  priori^  no  decisive  ground 
against  the  acceptance  of  the  same.  On  the  contrary,  since  the  recent  inves- 
tigations of  Jiirgens  (page  806)  regarding  the  parasitic  origin  of  sarcoma,  I 
consider  the  theory  very  probable ;  but  whether  it  is  applicable  to  every  case 
of  carcinoma  it  would  be  impossible  to  say.  The  etiology  of  carcinoma  is 
probably  not  a  simple  one,  and  doubtless  various  factors  enter  into  it.  For 
the  further  investigation  of  the  etiology  of  carcinoma  it  is  advisable  to 
examine  portions  of  living  tumour  material  with  a  beatable  microscope. 
Under  such  a  microscope  peculiar  movements  have  been  observed  in  the 
interior  of  the  carcinoma  cells. 

Coarse,  Prognosis,  and  Diagnosis  of  Carcinoma. — Carcinoma  rang  a 
chronic  course  extending  over  months  and  years.  Its  varying  energy 
of  growth  and  its  location  are  factors  of  great  importance  in  determin- 
ing how  rapidly  or  slowly  the  disease  will  progress.  In  rare  instances 
a  more  or  less  acute  general  carcinosis  takes  place,  causing,  in  a  few 
weeks,  metastases  and  marked  cancerous  cachexia.  The  latter  is  very 
much  increased  by  rapid  growth  of  the  primary  and  secondary  cancer 
nodules,  by  ulceration  and  sloughing,  by  stenoses  that  interfere  with 
the  entrance  of  air  or  food,  by  disturbances  of  digestion,  etc.  Ulcera- 
tion is  especially  prominent  in  epitheliomata  of  the  skin.  Cancerous 
ulcers  are,  as  a  rule,  irregular  in  form,  and  their  edges  and  bases,  as 
well  as  the  surrounding  tissue,  are  hard  and  indurated.  The  superficial 
ulcerating  epithelioma  of  the  skin,  the  so-called  ulcus  rodens,  runs  com- 
paratively the  most  favourable  course,  in  that  it  spreads  slowly  over  the 
surface,  has  less  tendency  to  involve  the  deeper  parts,  and  only  leads 
late  in  its  course  to  infection  of  the  nearest  lymph  glands.  Carcinoma 
spreads  chiefly  by  way  of  the  lymphatics ;  the  nearest  lymph  glands 
become  affected  first.  Embolic  metastases  caused  by  the  breaking 
through  of  a  primary  or  secondary  carcinoma  into  the  circulation  with 
general  carcinosis  are  rarer,  while  in  sarcoma  they  are  the  rule. 

As  regards  the  development  of  metastatic  tumours,  the  condition  of 
the  tissue  in  which  the  carcinoma  cells  lodge  is  important.    The  differ- 
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ent  tissues  and  organs  possess  a  variable  predisposition  for  the  further 
growth  of  the  carcinomatous  emboli.  It  is  only  in  this  way  that  one 
can  understand  why  it  is  that  metastases  sometimes  develop  onlj  m 
the  bones,  and  that  metastases  are  very  rare  in  the  spleen.  Embolic 
metastases  are  observed  most  frequently  in  the  liver  in  case  of  carcinom- 
ata  of  the  regions  connected  with  the  portal  system,  and  then  in  the 
lungs,  kidney,  and  bone.  The  order  of  frequency  in  the  location  of 
secondary  carcinomatous  nodules  is  as  follows :  lymph  glands,  liver, 
lungs,  pleura,  peritonaeum,  kidney,  bone,  spleen.  Metastases  in  bone 
are  frequently  observed  in  the  case  of  carcinomata  of  the  vascular 
thyroid  gland  in  consequence  of  a  breaking  through  of  the  carcinoma 
into  the  circulation,  and  also  in  carcinoma  of  the  testicle,  prostate,  and 
mammary  gland.  Of  50  carcinomata  of  the  thyroid  gland,  Hinteretois- 
ser  found  that  10  were  associated  with  metastases  in  the  bones,  and  of 
20  cases  Paget  also  found  the  same  thing  true  of  10.  On  the  other 
hand,  Gussenbauer  and  Winiwarter  state  that  in  903  cases  of  carcinoma 
of  the  stomach,  metastases  were  not  found  once  in  the  bones,  if  we 
except  the  cases  of  general  carcinosis.  The  rarity  of  metastases  in  the 
spleen  is  striking  when  we  consider  that  pyaemic  abscesses  of  this  organ 
are  so  common.  Out  of  753  autopsies  on  carcinoma  of  the  mammary 
gland  there  were  metastases  in  the  liver  241  times,  and  in  the  spleen 
only  17  times. 

According  to  Klemperer,  the  metabolism  of  cancerous  individuals 
is  characterised  by  a  pronounced  destruction  of  albumen,  the  viscera 
undergoing  fatty  degeneration,  and  the  blood  showing  a  marked  diminu- 
tion in  its  percentage  of  carbonic  acid  almost  down  to  one  third  of  the 
normal.  According  to  Grawitz  and  others,  all  thQ  constituents  of  the 
blood  are  diminished  in  carcinoma.  The  carcinoma  leads  to  a  geneml 
intoxication  by  certain  poisonous  substances  (toxines).  The  excretion 
of  urea  diminishes,  as  in  all  malignant  tumours,  and  finally  becomes  less 
than  twelve  grammes  a  day  (Rommelaire,  Ransier).  According  to 
Miiller,  the  cancerous  cachexia  resulting  from  the  increased  destruc- 
tion of  albumen  is  similar  to  that  occurring  in  the  febrile  diseases  and 
in  long-continued  malaria,  leucaemia,  and  pernicious  anaemia.  The 
cause  of  the  abnormal  destruction  of  albumen  in  cancerous  individu- 
als probably  lies  in  the  poisonous  action  of  the  products  of  metabolism 
of  the  carcinoma.  As  a  result  of  the  accumulation  of  these  products 
of  metabolism  and  of  the  insufficiency  of  the  kidneys,  coma  and  death 
may  supervene  (see  pages  743,  744). 

Tiie  prognosis  of  cancer  is,  as  we  have  already  clearly  stated,  very  un- 
favourable. Complete  cures  are  rare,  even  when  the  carcinomata  are  extir 
pated  very  early  iu  their  course.     As  a  rule,  one  recurrence  follows  another 
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until  the  patient  succumbs  to  general  carcinosis  or  exhaustion.  We  make 
a  distinction,  based  upon  their  mode  of  origin,  between  continuous  and 
regional  recurrences ;  the  former  spring  from  portions  of  the  primary  tumour 
which  were  left  behind  at  the  time  of  the  operation,  while  the  latter  (regional 
recurrences)  are  to  be  looked  upon  as  independent  new  tumours  in  the  cica- 
trix or  its  vicinity.  The  second  kind  sometimes  make  their  appearance  only 
af  t«r  the  lapse  of  years.  All  recurrences  which  occur  later  than  tjvo  years 
after  the  operation  should  be  considered,  according  to  Snow,  new  independ- 
ent tumours  resulting  from  new  injurious  agencies. 

The  diagnosis  of  carcinoma  is  in  general  not  difficult  if  what  has  been 
said  be  borne  in  mind.  A  differential  diagnosis  may  have  to  be  made  from 
tubercular  and  syphilitic  growths.  A  careful  microscopic  examination  of  an 
excised  portion  of  the  tumour  will  usually  clear  up  any  uncertainty.  If 
syphilis  is  suspected,  antisyphilitic  treatment  should  be  begun  (iodide  of 
potassium,  mercury,  etc.).  and  when  the  latter  disease  is  present  such  a 
method  of  treatment  will  be  successful,  but  not  in  cases  of  carcinoma. 

Treatment  of  Carcinoma. — The  treatment  of  carcinoma  consists  in  as 
early  an  extirpation  as  possible.  During  the  later  stages  an  attempt 
should  at  least  be  made  to  check  its  course  and  improve  the  general 
condition  of  the  patient.  In  extirpation  with  the  knife  as  much  of  the 
healthy  tissue  as  can  be  spared  should  be  included,  so  as  to  leave  no 
tumour  cells  behind.  The  adjacent  region  with  its  tissue  spaces  and 
lymphatics  is  more  or  less  filled  with  carcinoma  cells,  and  hence  the 
difficulty  in  advanced  cases  of  extirpating  the  entire  growth  in  toto. 
The  nearest  lymph  glands  should  hence  always  be  removed  ;  thus,  in 
every  amputation  of  the  breast,  for  example,  the  axilla  should  be 
opened  and  the  glands  and  all  the  fat  removed,  even  though  no  enlarge- 
ment of  the  former  can  be  felt  from  without.  After  the  axilla  has 
been  cut  into,  slightly  enlarged  lymph  glands  are  often  found  in  cases 
where  they  were  not  suspected.  Complete  cures  sometimes  result 
from  an  early,  careful  extirpation  of  a  carcinoma,  and  if  no  recurrence 
appears  within  one  and  a  half  to  two  years  the  patient  is  to  be  regarded 
as  probably  entirely  freed  from  his  disease.  I  have,  however,  occasion- 
ally seen  recurrence  take  place  four  to  five  years  after  the  first  opera- 
tion. One  generally  occurs  sooner  or  later,  and  after  extirpation  of 
this,  the  carcinoma  very  frequently  reappears  in  a  still  shorter  time, 
making  it  seem  in  many  cases  as  though  recurrences  were  hastened 
and  increased  in  virulency  by  each  succeeding  operation. 

The  different  methods  of  operation  for  carcinoma  with  the  knife, 
galvano-cautery,  thermo-cauterv,  etc.,  are  described  in  the  chapters  on 
general  surgical  technique,  and  tlie  extirpation  of  carcinomata  in  dif- 
ferent parts  of  the  body — the  skin,  breast,  mouth,  stomach,  intestine, 
uterus,  etc. — is  described  in  the  Regional  Surgery.  Xussbaum  has  rec- 
ommended for  suitable  cases  the  extirpation  of  carcinomata  by  means  of 


824  TUMOURS. 

the  thermo-cauterv.  It  is  claimed  that  recurrences  are  not  so  common 
after  this  method  on  account  of  the  more  intense  reaction  of  the  wound 
and  the  firm  scar.  For  the  same  reason  Bougard  and  others  have  rec- 
ommended again  cauterisation  with  caustic  pastes  (chloride  of  zinc, 
caustic  points,  see  page  777).  Generally  speaking,  the  thorough  re- 
moval of  the  carcinoma  with  the  knife  is  the  most  effectual  method  of 
operation. 

*The  treatment  of  inoperable  carcinomata  is  symptomatic.  Accord- 
ing to  the  nature  of  the  case,  a  trial  may  be  made  of  the  various  meth- 
ods already  mentioned  in  connection  with  the  treatment  of  tumours  in 
general.  These  include,  in  addition  to  a  general  strengthening  regi- 
men, parenchymatous  injections,  the  arsenic  treatment,  and  circum- 
cision with  the  thermo-cautery  in  order  to  diminish  the  growth,  pain^ 
and  final  sloughing  of  the  carcinoma.  In  sloughing  cancers,  use  may 
be  made  of  the  sharp  spoon,  thermo-cautery,  and  dressings  filled  with 
deodorizing  substances,  such  as  acetate  of  aluminium,  carbolic  acid,  bi- 
chloride of  mercury,  iodoform,  and  naphthaline.  Narcotics  in  the  form 
of  subcutaneous  injections  of  morphine  are  often  indispensable.  The 
inoculation  of  erysipelas  has  already  been  spoken  of  on  page  778.  Czemy 
saw  two  cases  of  recurrent  carcinoma  cured  by  inoculation  of  erysipe- 
las ;  the  duration  of  the  cure  was  two  and  six  years  respectively.  For 
the  description  of  Emmerich's  curative  serum  and  Coley's  fluid,  see  pages 
354  and  778.  It  is  frequently  necessary  to  perform  an  operation  for 
the  treatment  of  the  sequelae  of  an  inoperable  carcinoma ;  a  tracheoto- 
my may  be  required,  for  example,  in  carcinomatous  stenoses  of  the 
larynx,  or  the  formation  of  an  artificial  anus  in  carcinoma  of  the  intes- 
tine. Whether  the  growth  of  the  disease  is  influenced  by  the  trans- 
plantation upon  it  of  healthy  skin  (Goldmann)  cannot  as  yet  be  defi- 
nitely decided. 

For  other  methods  of  treatment,  including  the  use  of  arsenic  and 
numerous  other  remedies,  see  page  778.  Further  methods  of  treat- 
ment are  as  follows :  Clay  (Birmingham)  speaks  well  of  the  local  and 
internal  action  of  turpentine  (in  the  form  of  the  essence  made  by 
Southall  and  Barclay  in  Birmingham,  two  teaspoon fuls  three  or  four 
times  a  day,  with  pills  of  sulphur  and  sulphate  of  copper,  etc.  ;  also 
local  injections  into  the  tumour).  Denissenko  reports  good  results  from 
the  use  of  extractum  chelidonii  (injections  are  made  into  the  carci- 
noma every  three  to  five  days  of  one  to  two  hypodermic  syringefuls 
containing  either  equal  parts  of  the  extract  and  glycerine  and  distilled 
water,  or  two  parts  of  the  extract  with  one  part  each  of  glycerine  and 
water ;  internally,  one  and  a  half  to  five  grammes  are  given,  or  the  ulcer- 
ations are  packed  or  coated  with  two  parts  of  the  extract  and  one  part 
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glycerine).  Other  remedies  are:  Glycerine  alveolo  juice  (a  euplior- 
biaceie)  and  resorcin  locally;  decoction  (Zittmann's)  internally,  cal- 
cinm  carbonate  and  condnrango  bark  internally  and  locally — all  of 
which  are  probably  without  real  value.  Adamkiewicz  lias  made  use 
of  a  substance  called  by  bim  cancroin,  which  consists  of  the  poisonous 
products  of  cancer  tissue.  As  the  general  use  of  cancroin  is  attended 
with  practical  difGcnltica,  he  recommendB  a  sabstance  with  a  similar 
action  called  neurin  (CjHjN'(CHi)OH),  which  is  used  in  the  form  of 
hypodermic  injections  in  doses  of  fifteen  centigrammes  to  one  gramme 
a  day.  Nothing  definite  can  be  said  at  present  about  the  real  thera- 
peutic importance  of  this  remedy,  but  I  doubt  its  value.  Snow,  at  the 
cancer  hospital  in  London,  recommends  the  opium  pipe  as  a  palliative 
measure  in  inoperable  carcinomata,  and  also  as  a  preventive  against  re- 
cnrrences.  Esmarch  and  others  have  recommended  for  cancer  patients 
a  diet  consisting  of  but  little  nitrogenous  material. 

§  130.  Cyrti — Atberomata,  Teratomata,  Cyit-ftermation  in  Different 
Tnmoort, — The  formation  of  cysts  takes  place,  as  we  have  already  said, 
in  many  different  kinds  of  tnmours  in  consequence  of  softening,  espe- 
cially in  adenoma  (cysto-adenoma),  fibroma 
(eysto-fibroma),  and  sarcoma  (cysto-sarco- 
ma).  The  proliferating  cystoma  of  the  ova- 
ries, kidneys,  or  mammEe,  in  which  a  new 
production  of  cysts  takes  place,  belongs  to 
the  class  of  the  true  cystic  tumours.  Bat,  in 
the  main,  these  proliferating  cysts  are  ade- 
nomata ;  a  proliferation  of  cells  first  occurs, 
and,  secondarily,  the  formation  of  cysts  as 
a  resnlt  of  mucoid  and  colloid  degeneration 
of  the  cells.  This  continues,  until  finally 
very  large  tumours  are  developed,  jiarticu- 
larly  in  the  ovaries.  Cystic  goitres  also 
begin  as  adenomata. 

Bone  cysts  are,  as  a  rule,  either  enchon- 
dromata,  fibromata,  or  sarcomata,  which  have 
undergone  cystic  degeneration  (Fig.  514),  or 
true  proliferating  cystic  tumours.     To  the     '""  "'"femur'I'Biiscii"'" 
latter  belongs  that  cystic  degeneration  which 

often  simultaneously  attacks  all  the  bones  of  the  body,  and  is  perhaps 
to  be  regarded  as  a  constitutional  disease.  Bramann  found  a  multiple 
formation  of  cypts  in  a  great  number  of  the  bonoe  of  a  woman  thirty- 
four  years  old,  who  had  osteomalacia,  ifany  bone  cysts  are  probably 
due  to  inflammatory  processes  or  lieemorrhages  (Schlange).     The  soli- 
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tary  cysts  uf  the  long  bones  (Fig.  514)  occur  most  commonly  in 

femur.  They  Jevelop  usually  in  the  medulla  at  the  enJo  of  the  diaph- 
ysis ;  the  eurrouuding  tissue  usu- 
ally consisleof  tumour,  either  chon- 
droma, fihroma,  or  sarcoma,  so  that 
the  cyatfi  are  to  be  explained  ns  a 
softening  process  within  the  tumour 
in  question.  The  solitarj-  houe 
cysts  have  in  general  a  favourable 
prognosis ;  they  can  ije  coiui)letely 
extirpated,  although  clinit^liy  they 
bear  some  resemblance  to  sarcoma. 
Cysts  of  the  long  hones  lead  to 
curvatures  and  fractures  of  the 
same.  Tlie  cysts  of  the  jaw  and 
teeth  (Fig.  515)  arise  either  from 
the  periosteum  or  from  the  dental 
follicles  as  a  result  of  disturbances 
of  development.  Here  also  the  pro- 
liferation of  cells  takes  place  first. 

and  then  a  progressive  formation  of  cysts  follows.     A  large  number  of 

cysts,  originating  in  a  great  variety  of  ways,  are  congenital ;  these  have 

been  described  very  fully  by  Lannelongue 

and  Archard.    Other  cysts  are  due  to  para- 
sites, such  as  Echhiococois  and  Cj/efi-oefcun 

celluhaw,  and  are  found  in  various  organs 

of  the  body. 

The  contents  of  the  cysts  are  serous, 

mucous,  or  bloody.     A  distinction  is  made 

between  simple  and  compound  or  multi- 

locular  cysts.     The  interior  of  the  latter  is 

divided  off  by  septa,  and,  iu  some  instances, 

new  cyets  form  in  the  walla  of  the  old  ones. 
The  retention  cysts  do  not  belong  to  the 

true  tumours,  as  in  these  cases  an  abnormal 

new  growth  of  cells  does  not  occur,  but 

only  an  accumulation  of  secretion.     With 

Virehow,  we  divide  the  retention  cysts  into 

(1)  mucous  cysts,  (2)  follicular  cysts,  and 

(3)  retention   cysts  starting  in  the  excre- 
tory duct  or  the  acini  of  large  glands.     Mucous  cysts,  which  result 

from  the  retention  of  the  secretion  of  the  mucons  glands,  are  fonnd 
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especially  in  the  mucous  membrane  of  the  lips,  the  cheeks,  the  antrum 
Highmori,  the  respiratory  and  digestive  tract,  the  vagina,  the  uterus, 
etc.  The  follicular  cysts  include  the  comedones^  those  well-known 
little  spots  in  the  skin,  often  of  a  black  colour,  which  are  plugs  or 
secretions  in  the  hair  follicles,  and  the  milium  resulting  from  a  similar 
accumulation  of  secretion  in  the  sebaceous  glands.  The  atheromata  or 
sebaceous  cysts  are  retention  cysts  of  the  hair  follicles.  The  latter 
continue  to  form  their  secretion,  and  consequently  the  sac  becomes 
more  and  more  tense ;  and  thus  are  developed  in  the  skin  the  well- 
known  tumours  which  vary  in  size  from  that  of  a  small  pea  to  that 
of  a  fist  or  a  child's  head,  and  contain  epidermis,  fat,  and  crystals  of 
cholesterin.  A  second  variety  of  atheroma  is  situated  not  in  the  skin, 
but  deeper  down  in  the  subcutaneous  tissue.  These  deep  subcutaneous 
atheromata  are  probably  the  result  of  separated  embryonic  remnants 
of  skin  tissue  which  contain  sebaceous  glands  or  groups  of  epithelium 
belonging  to  the  epidermis.  In  the  latter  case  they  might  be  called 
epidermoids  (Franke).  Franke  thinks  that  atheromata  are  not  reten- 
tion cysts  of  the  skin  follicles,  but  represent  true  new  growths  which 
have  sprung  from  embryonic  cells.  The  atheromata'  sometimes  grad- 
ually break  through  the  integument,  and  become  complicated  by 
inflammation,  suppuration,  or  even  epithelioma  (Fig.  516).  Hence 
extirpation  of  atheromata  is  always  indicated.  Cutaneous  horns  occa- 
sionally develop  from  open  atheromata  with  fistulse. 

Among  the  retention  cysts  which  arise  from  the  excretory  ducts  or 
acini  of  large  glands  may  be  mentioned  the  retention  cysts  of  the  liver, 
the  mamma,  and  the  kidney ;  also  the  so-called  ranula  under  the  tongue 
near  the  frenum  resulting  from  the  closure  of  the  excretory  ducts  of 
the  submaxillary  and  sublingual  glands,  and  particularly  of  the  Blandin- 
Nuhn  glands — two  mucous  glands  situated  near  the  tip  of  the  tongue. 

Cysts  are,  moreover,  found  in  structures  which  do  not  persist  after 
the  birth  of  the  foetus ;  examples  of  these  are  branchiogenic  cysts  of 
the  neck,  cysts  of  the  urachus,  etc. 

We  have  already  mentioned  the  occurrence  of  blood  and  lymph 
cysts  due  to  a  gradual  dilatation  of  blood-  and  lymph-vessels. 

Bv  cholesteatoma  is  meant  either  an  atheroma  or  a  dermoid  cvst,  with 
characteristic,  often  silky  wliite  contents  which  are  made  up  of  fat,  choles- 
terin, and  g'roups  of  cells  which  shine  like  mother-of-pearl.  The  cholestea- 
tomata  are  found  especially  in  the  brain  and  its  meninges ;  also  in  the  ovaries, 
in  the  subcutaneous  cellular  tissue,  and  in  bone  (petrous  portion  of  the  tem- 
poral). According  to  Eppinger  and  others,  the  cholesteatomata  are  essen- 
tially endothelioniata  (see  page  8()3).  Glaeser  examined  one  which  was  found 
on  the  l)aso  of  the  brain,  and  came  to  the  conclusion  that  the  cells  of  the 
cholesteatoma  develop  from  the  endothelia  of  the  lymph  spaces  of  the  arach- 
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§  130.]  CYSTS— ATHEROMATA,  TERATOMATA.  829 

embryonic  cystomata  of  the  testicle  are,  according  to  Kockel,  entirely 
analogous  with  those  of  the  ovary,  and  represent  rudimentary  para- 
sitic foetuses.  (For  further  particulars  concerning  teratomata  of  the 
testicle  and  ovary,  see  Regional  Surgery.) 

The  dermoid  cysts  also  belong  in  this  class ;  they  have  an  inner 
wall  which  is  analogous  to  the  skin,  and  may  occur  in  organs  where 
skin  is  not  normally  present.  They  are  most  commonly  found  in  the 
ovary,  and  also  in  the  peritonsBum,  neck,  orbits,  nose,  and  in  the  sacral 
and  coccygeal  regions.  The  wall  of  the  cyst  consists,  as  we  have  said, 
of  epidermis  and  corium,  with  sebaceous  glands,  hair  follicles,  and  less 
often  sweat  glands.  The  contents  usually  consist  of  a  fatty,  yellow- 
ish or  whitish,  greasy  mass,  together  with  hairs,  cartilage,  bone,  and 
even  teeth.  In  very  rare  ca^es,  brain,  nerve,  and  muscle  tissue  or 
structures  resembling  extremities  have  been  found.  Occasionally  the 
contents  are  oily  (oil  cysts).  Kocher  and  Streit  have  laid  emphasis 
upon  a  peculiarity  possessed  by  these  tumours — when  not  tilled  too 
full — of  retaining  for  a  considerable  length  of  time  any  change  of 
form  which  is  given  them.  This  is  due  to  their  homogeneous  cement- 
like contents.  If  epithelial  cells  and  masses  of  fat  are  mixed  with  a 
large  amount  of  hair,  a  peculiar  crepitation  may  be  felt  on  palpation 
of  the  tumour  (Kocher).  The  dermoid  tumours  develop  from  stray 
cutaneous  cells  which  have  been  inverted,  as  in  the  closure  of  embry- 
onic clefts.  At  the  same  time  cells  of  the  entoderm  may  become  dis- 
placed or  separated. 

Implantation  Cyita. — Cysts  sometimes  occur  on  the  fin^rers  and  toes, 
and  more  rarely  in  other  parts — e.  g.,  between  the  cranial  bones  and  the 
dura  as  the  result  of  traumatisms.  They  are  caused  by  the  proliferation  of 
epithelial  cells  which  have  become  displaced  by  traumatism  (Reverdin,  Kauff- 
mann,  Garre,  etc.).  There  is  a  connective-tissue  sac  which  contains  epithelial 
pearls,  or,  in  the  ca^  of  large  tumours,  a  grumous  or  pulpy  material  similar  Uy 
that  contained  in  sebaceous  cysts.  Giant  cells  are  found  particularly  in  the 
presence  of  foreign  bodies  (Bohm).  These  cysts  can  also  result  from  the 
proliferation  of  displaced  groups  of  foetal  cells,  as,  for  example,  in  the  forma- 
tion of  tlie  interdigital  furrows  (Labouyle). 

Polypous  appendages  are  sometimes  found  upon  different  parts  of 
the  surface  of  the  body.  They  are  to  be  looked  upon  as  abnormal  dis- 
placements of  tissue  or  malformations  depending  upon  an  imf>erfect 
closure  of  embryonic  clefts.  Such  tumours  or  cutaneous  appendages, 
occasionally  containing  cartilage,  are  found  in  the  vicinity  of  the  lines 
of  closure  of  the  dorsal  or  ventral  clefts,  or  near  the  face,  ears,  neck, 
anal  region,  or  the  rhaphe  of  the  perinseum  (Chiarij. 
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Acetabulum,  wandering  of  the,  701,  702. 
Acetal  as  anapsthetic,  47. 
Acetate  of  aluminium.  162. 
Aceto-tartrate  of  aluminium,  162. 
Acne,  530. 
Acromegaly.  676. 
Acromicria,  677. 
Actinomyces,  455. 
Actinomycosis.  455. 

diagnosis  and  prognosis  of,  460. 

occurrence  in  animals,  457. 

occurrence  in  man,  458. 

treatment  of,  461. 
Acufilopressure,  101. 
Acupressure,  101. 
Adenoid,  810. 
Adenoma,  810. 
Air  cushions,  205. 

Air,  entrance  of,  into  veins,  (j5,  467. 
Alcohol  dressings,  170. 
Alumnol,  172. 
Amicba?,  282. 

A mputMion,  general  technique  of,  and  indi- 
cations for.  119,491. 

after-treatment  of,  129. 

artificial  limbs  after.  133. 

bad  results  after,  130. 

mortality  of,  132. 

subperiosteal,  129. 
Amputation  in  cases  of  fracture,  626. 
Amputation  knives.  121. 
Amputation  neuroma,  131. 
Amputation  stump,  conical,  131. 
Amputation  with  scraping  out  the  medulla, 

641. 
Ana*mia,  artificial,  54.     (See  also  Ischn?- 

mia.) 
Anftsthesia,  17. 

local,  49. 
Aniesthetics,  17-52. 
Anatomical  tubercle.  387. 
Anchylosis,  696-724. 
Aneurisms,  552. 

diagnosis  and  prognosis  of,  557. 

symptoms  of.  556. 

treatment  of,  558. 

varieties  of.  553-556. 
Angeioma,  789. 
Angeio-keratoma,  808. 


Angeio-sarcoma,  791. 
Angiotripsy,  97. 
Aniline  aves  as  antiseptic,  172. 
Anthrax,  *388. 

attenuation  of  vinilence  of  bacilli  of, 
391. 

bacillus  of,  389. 

etiology  of,  389. 

imnmnity  from,  392. 

in  animals.  393. 

in  man,  393. 

occurrence  and  origin  of,  391. 

stain  of  bacilli  of,  393. 
Antisepsis,  3. 
Antiseptic  dressings,  152. 
Antiseptics,  157. 
Aorta,  congenital  stenosis  of.  552. 

ligation  of,  300. 
Aphthro  epizooticu',  402. 
Apparatus  for  permanent  irrigation,  181. 
Argentum  nitricum,  85. 
Aristol,  109. 
Arm,  bandages  for,  193. 
Arrow  poison  of  Indians,  413. 
Arsenic  paste,  85. 
Arteries.  551. 

aneurisms  of,  552. 

digital  compression  of,  53. 

diseases  of.  551. 

haemorrhage  from,  92,  463. 

inflammation  of,  335. 

ligation  of,  93.  101. 

punctured  wounds  of,  470. 

suture  of.  98. 

Umsfpchiniy,  97. 
Arteritis.  335. 
Artery  clamps.  93. 
Arthrectomy,  135. 
Arthritis,  acute.  684. 

chronic.  694. 

deformans,  710. 

syphilitic.  708. 

tunercular,  699. 

urica,  689.     (See  also  Joints.) 
Arthrodesis.  139. 
I  Arthrolysis,  139. 
,  Arthropathia  tabidorum,  720. 
,  Arthrospores,  265. 
.  Arthrotomy,  135. 
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Articular  rheumatism,  687. 

acute  polTarticular,  087. 

chronic,  d96. 
Aseptin^  163. 
Asfjergillus,  257. 
Asphyxia,  29. 
Aspiration,  75. 
Aspirators.  75.  76. 
Atheroma,  827. 

Atrophy  of  .<<kin,  idiopathic,  543. 
Auscultation  of  bone,  616. 
Auto-tran^fusion,  57,  493. 

Bacilli,  261.    (See  also  the  separate  infec- 
tious diseases.) 
Bacillus  of  anthrax.  389. 

coll  communis,  341. 

of  diphtheria,  547. 

of  Ernst,  331. 

of  glanders,  307. 

of  leprosy,  450. 

of  malignant  cedema,  339. 

of  mouse  se|»tica*mia,  372. 

pyocyaneus.  331. 

of  rabbit  septicsemia,  372. 

of  symptomatic  anthrax,  396. 
Bacteria,  action  of  pathogenic,  273. 

attenuation  of  virulence  of,  275. 

conditions  suited  to  life  of,  265. 

culture  media  for,  272. 

of  decomposition,  373. 

experimental  transmission  of,  280. 

formation  of  pigment  by,  269. 

immunity  from  effects  of,  277. 

infectious,  327. 

influence  of  constant  electric  current, 
ufK)n,  267. 

influence  of  light  upon,  267. 

influence  of  oxygen  upon.  266. 

influence  of  temperature  upon,  266. 

intra-uterine  transmission  of,  280. 

linear  cultures  of,  273. 

meth(Kls  of  studying,  271. 

movements  of,  262. 

needle-point  cultivation  of,  273. 

non-pathogenic,  281. 

pathogenic,  281. 

phosphorescence  of,  269. 

power    of    organism    to  protect    itself 
against,  276. 

products  of  metabolism  of,  267,  269. 

restraint  upon  growth  of,  270. 

structure  and  reproduction  of,  262. 

toxic,  274. 
Bacterial  proteins,  286,  242. 
Bandages,  a[)plication  of,  188. 

handkerchief,  197. 

for  the  head,  190. 

for  the  lower  extremity,  195. 

for  the  mamma,  192. 

for  the  neck  and  thorax,  192. 

for  the  shoulder,  195. 

for  the  upper  extremity,  193. 
Barracks  in  war,  765. 

Docker's,  765. 


Baths,  permanent,  after  injuries,  182. 

Batteries,  electric,  82. 

Beds,  moTable,  203. 

Bee  stings,  410. 

Benzoic  acid,  170. 

Bichloride  of  mercury,  159. 

poisoning  by.  161. 

sUbility  of,' 160. 
Bichloride  gauze,  preparation  of,  160. 
Binoculus,  192. 
Birth-mark,  790. 
Bismuth,  163. 
Bistoury,  69. 
Blastomycetes,  259. 
Blood,  coagulation  of,  297. 

regeneration  of,  467. 

treatment  of  loss  of,  493. 
Blood-corpuscles,  white,  emigration  of,  SSS. 

reaction  of,  to  staining  reagents,  M 
Blood  cysts,  791.     (See  also  ADgeiomi, 

Lymphangioma,  and  Cysts.) 
Bloodless  operation,  1. 
Blood  transfusion,  494,  496. 
Blood-vessels,  551. 

aneurisms  of,  552. 

diseases  of,  551. 

injuries  of,  463. 

ligation  of,  93. 

punctured  wounds  of,  470. 

suture  of,  98. 

torsion  of,  97. 

Umsleehung,  97. 

varices,  560. 
Boiler  for  sterilisation  of  instruments, i 
Bone,  abnormal  fragility  of,  598. 

abscess  of,  654. 

absorbable  drains  of,  108. 

absorption  of.  605. 

acromegaly,  676. 

acromicria,  677. 

acute  inflammation  of,  633. 

acute  osteomyelitis,  634. 

atrophy  and  nypertrophv  of,  672. 

caries  of,  646,  653. 

cavities,  treatment  of,  608. 

chronic  inflammations  of,  648. 

contusions  of,  631. 

cysticercus  cellulosie,  678. 

division  of,  86. 

echinococcus  of,  678. 

formation  of,  603. 

giant  growth,  675. 

^nshot  injuries  of,  757. 

implantation  of.  150. 

increased  ^owth  of,  604,  675. 

inflammations  and  diseases  of,  683. 

inflammation  of  marrow  of,  684. 

injuries  and  fracture  of,  589. 

metastatic  inflammations  of,  641. 

necrosis  of,  655. 

neuralgia  of,  720. 

neuropathies  of,  720. 
in  syringomyelia,  722. 
tabetic,  720." 

operations  upon,  86. 
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Bone,  osteomalacia,  660. 

percussion  and  auscultation  of,  616. 

plastic  surgery  upon,  150. 

resection  of,  in  continuity,  135. 

rhachitis,  668. 

sawing  of,  86. 

stren^b  of,  591. 

suture  of,  117. 

syphilis  of,  652. 

transplantation  of,  629. 

tuberculosis  of,  645. 

tumours  of,  678. 

uniting,  by  nails,  117. 

wounds  of,  631. 
Bone  forceps,  87. 
Bone  screws,  118. 
Bone  shears,  87. 
Berated  lint,  163. 
Borax,  162. 
Boric  acid,  162. 
Boric-acid  ointment,  163. 
Boro-glycerine  lanolin,  163. 
Boro-salicylic  solution,  160. 
Box  splint.  Heister^s,  205. 
Brancniogenic  cysts,  827. 
Bromethyl,  47. 
Bromethylene,  48. 
Broraoforra,  48. 
Bullets,  discovery  by  magnet  of,  766. 

extraction  of,  768. 

healinu:  iu  of,  762. 
Bums,  499. 

causes  of  death  from,  502. 

from  lightning,  506. 

prognosis  of,  503. 

symptoms  of,  499. 

treatment  of,  504. 
Bursffi,  diseases  of,  580. 

Cadaver  alkaloids,  infection  by,  386. 
Cadaver  infection,  treatment  of,  387. 
Cadaver  tul)erculosis,  387. 
Callus,  formation  of,  602. 

delayed  formation  of,  014. 

treatment  of  delayed  formation  of,  628. 
Callus  luxurians,  607. 
Cancer  (see  Carcinoma),  811. 
Canquoin's  paste,  85. 
Capistrum  duplex,  191. 
Capitium  parvum,  198. 

magnum,  199. 

quadranjLrulare,  199. 
Caput  obt^tipum  (congenital),  524. 
Carbolic  acid,  157. 

detection  of,  in  urine,  159. 

poisoning  by,  158. 
Carbolised  gauze,  158. 
Carbolised  glvcerine,  158. 
Carbonic  acid  as  an  anaesthetic,  48. 
Carbuncle,  531. 
Carcinoma.  811. 

curability  of,  822. 

etioloffv  of,  816. 

histology  of,  815. 

micro-organisms  of,  819. 
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Carcinoma,  transmission  of,  820. 

treatment  of,  823. 
Caries  of  bone,  646,  653. 
Cartilage,  fibrillation  of,  710f 

fractures  of,  597,  610. 

histology  of.  683. 

inflammation  of,  696,  700,  710. 

injuries  of,  597,  610. 

repair  of  fractures  of,  610. 

repair  of  wounds  of,  754. 
Cataplasm,  183. 
Catgut,  capillary  drain  of,  108. 

ligatures  of,  94. 

preparation  of,  94. 

sterilisation  of,  14,  95. 

sutures  of,  112. 
Caustic  pastes,  85. 
Caustics,  different  kinds  of,  85. 

use  of,  85. 
Cavemoma,  790.  • 

Cellulitis,  888. 

prognosis  of,  344. 

symptoms  of,  341. 

treatment  of,  344. 
Cellulose  splints,  215. 
Cement  dressing,  226. 
Chain  saw,  89. 
Chemotaxis.  236. 
Chin  bandage,  191. 
Chisels,  87. 
Chloride  of  zinc,  162. 
Chloride-of-zinc  paste,  85. 
Chloroform,  19. 

accidents  durins^  narcosis  of,  29. 

apparatus  for  aaministerinK,  24. 

chemical  composition  of,  19. 

death  from,  30. 

decomposition  of,  by  gas  flame,  27. 

narcosis  of,  19. 

physiological  action  of,  19. 

statistics  of  death  from,  31. 

symptomatology  of  narcosis  of,  27. 

treatment  of  accidents  during  narcosis 
of,  36. 
Chloroform-morphine  narcosis,  46. 
Chloroform-oxygen  narcosis,  85. 
Chloroma,  806. 
Cholesteatoma,  827. 
Chondroma,  785. 
Chondrostitis  dissecans,  662. 

luetica,  653. 
Cicatrix,  formation  of,  251. 

malignant  neoplasms  of,  805. 

paralysis  from,  805. 

subsequent  changes  in,  805. 

tumours  of,  305,  781. 

ulcers  of,  805. 
Clavi,  808. 
Clastridium.  262. 
Club-foot,  727. 
Coagiilation  necrosis,  546. 
Cocaine  (as  anaesthetic),  49. 
Cocci,  various  kinds  of,  261. 
Coccidia,  282. 
Cold,  effects  of,  509. 
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Cold,  use  of,  185. 
Cold  abscess,  647,  701. 
Collateral  circulation  after  ligation  of  ar- 
teries, 802. 
Collodion,  dressings  of,  186. 
Comedones,  827. 
Compresses,  split,  123. 
Compression  (as  method  of  haBmostasis), 

99. 
Condyloma  acuminatum,  809. 
Condyloma  latum,  440. 
Congestion  abscess,  647,  701. 
Conidia,  256. 

Connective  tissue,  growth  of,  289. 
Continuous  suture,  114. 
Contractures,  cicatricial,  805,  500,  784. 

inflammatory,  569. 

ischiemic,  569. 

of  joints,  726. 

myopathic,  734. 

neuropathic,  729. 

paralytic,  780. 

spastic,  729. 
Contusions,  518. 

symptoms  of,  514. 

treatment  of,  520. 
Contusions  of  bones,  681. 
Contusions  of  joints,  786. 
Corpora  oryzoidea,  581. 
Corsets,  224. 

Cotton-starch  dressing,  228. 
Creolin,  171. 

Croton  oil  as  an  irritant,  287. 
Croup,  545. 
Crutch-paralysis,  185. 
Curare,  418. 

Cushions  for  sick-bed,  205. 
Cutaneous  horns,  808. 
Cylindroma,  803. 
Cystoma,  825. 
Cysto-sarcr)!na,  825. 
Cysts,  825. 

Decomposition,  267. 

Decubitus,  584. 

Deformities  (contractures)  of  joints,  726. 

Delirium  nervosum,  823. 

Delirium  of  collapse,  328. 

Delirium  tremens,  321. 

treatment  of,  822. 
Dermatitis,  527. 
Dermatol,  169.  ' 
Dermatolysis,  544. 
Dermoid  cysts,  829. 
Devouring* cells,  276. 
Dextrine  dressing,  225. 
Digital  compression  of  arteries,  54. 
Diphtheria,  oacilli  of,  547. 

etiology  of,  547. 
Diploeoeci,  261. 
Director,  71. 
Disarticulations,  128. 

after-treatment  of,  129. 

artificial  limbs  for,  133. 

mortality  of,  132. 


Disarticulations,  performance  of,  128. 

subperiosteal,  129. 
Disinfection  of  catgut,  94. 

of  the  dressings,  14. 

of  the  field  of  operation,  8. 

of  the  instruments,  12. 

of  the  operator  and  bis  assistants,  10. 

of  silk,  14. 

of  sponges,  14. 
Dislocations  of  joints,  789. 

complicated,  744. 

congenital,  750. 

of  deformity,  750. 

of  destruction,  749. 

from  distention,  749. 

habitual,  745. 

inflammatory  (pathological).  749. 

of  the  interarticular  cartilages,  749. 

intra-acetabular,  701. 

irreducible,  748. 

of  muscles,  525. 

of  nerves,  526. 

old,  748. 

of  tendons,  525. 

voluntary,  741. 
Distortion  of  joints,  737. 
Division  of  the  soft  parts,  69. 
Drainage,  105. 
Drainage  forceps,  106. 
Drains,  106. 

of  rubber  tubing,  107. 
Dressings,  antiseptic  and  aseptic,  152. 

change  of,  175. 

impromptu  or  temporary,  216. 
Dressing  forceps,  72. 
Dynamite  injuries,  286. 

Ebumatio  ossis,  647. 
Ecchondroses,  785. 
Ecchymoses,  514. 
Echinococcus,  678. 

of  bone,  678. 

in  the  joints,  680. 
Ecrasement,  78. 
ficraseur,  78. 
Eczema,  528. 

following  use  of  antiseptics,  528. 

solare,  528. 
Electric  batteries,  82. 
Electrolysis,  88. 
Electro-motor,  90. 
Electro-puncture  of  the  heart,  88. 
Elephantiasis,  540. 
Elevators,  86. 
Emboli,  fat,  618. 
Emphysema,  gangrenous  or  septic,  341. 

traumatic,  474. 
Enchondroraa,  784. 
Endarteritis,  551. 
Endothelioma,  808. 
Epiphyses,  spontaneous  separations  of,  662» 

strength  of,  594. 

syphilitic  separations  of,  653. 

traumatic  separations  of,  597. 
Epithelial  tumours,  807. 
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Epithelioma,  815. 
Epithelioma  molluscum,  809. 
Ergotina  gangrene,  584. 
Ergotism,  584. 
Erysipelas,  34G. 

cocci  of,  347. 

complications  of,  352. 

curative,  853. 

diagnosis  of,  354. 

habitual,  351. 

of  mucous  membranes,  348. 

prognosis  of,  355. 

symptoms  of,  348. 

treatment  of,  355. 

zoonotic,  357. 
Erythema,  527. 

migrans,  357. 

solare,  528. 

various  kinds  of,  527,  529. 
Esmarch's  artificial  ischsemia,  53. 

rubber  bandage,  55. 

rubber  tourniquet,  55. 
Ether,  39. 

Ethyl  chloride  as  local  anaesthetic,  48. 
Eucaine,  52. 
Eucalyptus,  171. 
Euphorin,  169. 
Europhen,  169. 
Exercise  bones,  571. 
Exostosis,  787. 
Exostosis  bursata,  718,  788. 
Extension  by  a  weight,  226. 
Extension  dressings,  technique  of  apply- 
ing, 226. 

modifications  of,  226. 
Extension  splints.  215. 
Extravasation  of  blootl,  514. 

absorption  of,  518. 

changes  in,  518. 

of  lymph,  514. 
Extrernitv.  upper,  dressings  for,  193. 

lower,  dressings  for,  195. 
Exudate,  various  kinds  of,  244 

Farcy  (see  Glanders),  397. 
Fascia  lata,  shrinkage  of,  734. 
Fascia  nodosa,  191. 
Fat  emboli,  613. 
Favus,  258. 
Pelt,  plastic,  214. 
Fermentation,  259. 
Ferment  intoxication,  373. 
Fever,  305. 

bo<ly  weight  in,  311. 

condition  of  respiration  in,  310. 

condition  of  vessels  during,  310. 

definition  of,  317. 

<ligostion  during,  311. 

disturbances  of  nervous  system  in,  311. 

etiology  of,  312. 

explanation  of,  315. 

loss  of  heat  during,  316. 

muscular  system  in,  311. 

pathological  changes  in,  312. 

prognosis  of,  312. 


Fever,  pulse  in,  310. 

symptoms  of,  306. 

treatment  of,  317. 
Fever  in  subcutaneous  injuries,  516. 
Fibroma,  779. 

moUuscum,  780. 
Field  hospitals,  765. 

improvisation  of,  765. 
Filopressure,  101. 
Finger  bandages,  193. 
Fistula,  536. 
Flexion,  forced,  as  a  method  of  checking 

haBmorrhage,  99. 
Foot,  dressings  for,  194. 
Foot-  and  mouth-disease,  402. 

occurrence  of,  402. 

treatment  of,  403. 
Forceps,  toothed,  72. 
Foreign  bodies,  healing  in  of,  252. 

behaviour  in  the  wound,  475. 
Formation  of  new  tissue,  288. 

of  a  cicatrix  in  a  vessel,  296. 

of  fibrillar  connective  tissue,  289. 

of  new  vessels,  293. 
Fractures,  589. 

causes  of,  589. 

condition  of  urine  in,  602. 

diagnosis  of,  616. 

direct  fixation  of  fragments  by  nails,  su- 
tures, etc.,  621. 

disturbances  during  healing  of,  612. 

gunshot,  757. 

prognosis  of,  616. 

repair  of,  602. 

symptomatology  of,  598. 

treatment  of,  ol7. 

treatment  of  mal united,  630. 

various  kinds  of,  594. 
Fractures  involving  joints,  621,  624,  744. 
Freezing,  509. 
Frost-bite,  509. 

blebs,  510. 
Fnnda  maxillae,  197. 
Fungi,  255. 

pathological  importance  of,  257. 
Furuncle,  530. 

Galvano-cautery,  80. 

instruments.  81. 
Galvano-puncture,  83. 
Ganglion,  582. 

periostale,  643. 
Gangrrona  senilis,  584. 
Gangrene  foudroyante.  339. 
Gangrene  of  the  soft  parts.  583. 

of  bone,  655. 
Genu  valgum,  728. 

varum  rhachiticum,  665. 
Germicides,  tests  and  comparisons  of,  271. 
Glanders,  397. 

bacilli  of,  398. 

diagnosis  of,  401. 

in  animals,  399. 

in  man,  400. 

treatment  of,  401. 
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Glass  splints,  224 

Glass  wool,  157. 

Glioma,  798. 

Gllsson's  sling  for  extension,  231. 

Glue  dressing,  225. 

Gonococcus,  444. 

Gonorrhoea,  444. 

Gk>norrhoeal  rheumatism,  688. 

Gout,  6«9. 

Gout  of  lead  poisoning,  690. 

Granulations,  formation  of,  290. 

anomalies  of,  539. 
Gum  and  chalk  dressing,  226. 
Gummata,  440. 
Gummi  laccsp,  186. 
Gutta-percha  splints,  214. 
Gymnastics,  216. 
Gypsum  dressing,  217. 

knife  for,  223. 

scissors  for,  223. 

various  methods  of  applying,  218. 
Gypsum  splints,  219. 

Haeraarthros,  736. 
Hoematoma,  514. 

absorption  of,  518. 

changes  in,  519. 
Hiemophilia,  62. 

joint  diseases  complicating,  713. 
Haemorrhage,  arrest  of,  92. 

arterial,  463. 

capillary,  464. 

causes  of  death  from,  466. 

death  from,  466. 

effects  of,  465. 

prevention  of,  during  operations,  53. 

regeneration  of  blood  after,  467. 

secondary,  492. 

treatment  of,  493. 

venous,  464. 
Haemostasis.  92. 

temporary,  479. 
Hairy  people,  790. 
Hammer,  surgical,  87. 
Hand,  bandages  for,  194. 
Hand  spray,  15. 
Healing  beneath  a  scab,  180. 

microscopic  phenomena  in  the  healing 
of  a  wound,  288. 

per  priniam  intent ionem,  286. 

per  secundani  intentionem,  287. 
Hip.  bandaires  for,  197. 
Hisiocym,  313. 
Hollow  needles,  75. 
Hospital  jjangrene.  358. 

clmical  course  of,  359. 

etiology  of,  359. 

prognosis  of.  360. 

treatment  of,  360. 
Hydarthros,  acute,  684. 

chronic,  694. 
Hydrophobia.  403. 

action  of  poison  of.  405. 

attenuation  of  the  poison  of,  405. 

diagnosis  of,  408. 


Hydrophobia,  etiology  of,  403. 

experiments  upon,  404. 

in  dogs,  405. 

in  man,  406. 

prognosis  of,  408. 

protective  inoculation  with,  409. 

results  of  autopv  in,  408. 

treatment  of,  408. 
Hygroma  of  bursas,  581. 

of  tendon  sheaths,  579. 
Hyperostosis,  644. 
Hypertrichosis  circumscripta,  790. 

universalis,  790. 
Hypodermic  needle,  76. 
Hysteria  after  in  juries,  285,  546. 
Hysterical  joint  diseases,  718. 

Ice,  use  of,  185. 

Ice  bags,  185. 

Ichthyol,  172. 

Ichthyosis,  544. 

Immersion,  181. 

Immunity,  natural  and  artificial,  277. 

Impromptu  dressings,  197. 

Inaian  arrow  poison,  413. 

Infantile  spinal  paralysis,  731. 

Infection  irom  cadaver  alkaloids,  386. 

intra-uterine,  424,  437. 
Infectious  wound  diseases,  323. 

origfin  of,  by  microbes,  328. 

various  kinds  of,  326-414. 
Inflammation,  238. 

causes  of,  288. 

croupous  and  diphtheritic,  246. 

dia^rnosis  and  treatment  of,  252. 

of  joints,  684. 

acute,  684. 

chronic,  694. 

movements  of  lymph  in,  236. 

nature  of,  239.  ' 

svmptomatology  of,  243. 
Indammation  and  suppuration  of  wounds, 

826. 
Infusion  of  salt  solution,  494. 

indications  for,  496. 

technioue  of,  496. 
Initial  sclerosis  of  syphilis,  439. 
Injections,  parenchymatous,  77. 
Injuries,  general  remarks  upon,  283. 
Insects,  injuries  inflicted  by,  410. 
Insolation,  507. 

Instruments,  sterilisation  of,  12. 
Iodine.  171. 

as  an  antiseptic,  171. 

demonstration  in  urine  of,  168. 
Iodine,  trichloride  of,  171. 
Iodoform;  163. 

behaviour  of,  towards  bacteria,  165. 

poisoning  by,  166. 
Iodoform  collodion,  165. 
Iodoform  gauze,  164. 
Iodoform  wick,  165. 
lodol,  169. 

Irrigation,  permanent,  of  wounds,  181. 
Irrigator,  lol. 
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Ischsemia,  artificial,  54. 

Ischaeraic  contractures,  569. 

Ivory  pegs,  insertion  in  bone  of,  117. 

Joints,  anatomy  of,  681. 
anchvlosis  of,  724. 
cartilage  of,  683. 
contractures  of,  726. 
deformities  of,  726. 
^       diseases  of,  in  bleeders  (haBmophilia),  713. 
echinococcus  of,  680. 
endothelium  of,  681. 
histology  of  articular  cartilages  of,  683. 
inflammations  of,  684. 
acute.  684. 
chronic,  694. 
arthritis  deformans,  710. 
gout,  689. 
syphilis,  708. 
tuberculosis,  699. 
gonorrhceal,  688. 
metastatic.  687. 
rheumatic,  696. 
injuries  of,  736. 
contusions,  736. 
dislocations,  739. 
gunshot  injuries  of,  755. 
punctured  wounds,  752. 
sprains  or  distortions,  737. 
wounds,  752. 
lymph  vessels  of,  683. 
neuropathic  inflammations  of,  720. 
neurr)ses  of,  718. 
resection  of,  135. 
synovia  of,  684. 
synovial  villi  of,  682. 
Junker's  chloroform  apparatus,  25. 
Jury  mast,  231. 
Jute,  155. 

Kappeler's  chloroform  apparatus,  25. 

Keloid,  305,  74«. 

Keratoma.  808. 

Knee,  bandages  for,  196. 

Knife,  forms  of,  68. 

methods  of  liolding,  69. 
Kyphosis,  701. 

Lacerated  wounds,  477. 
Lancets.  68. 

Laryngeal  mucous  membrane,  anaesthesia 
of.  by  irritation  of,  with  chloroform 
or  carbonic  aci«l,  48. 
Laughing  ijas,  narcosis  of,  44. 

combini'd  with  oxygen,  45. 
Lead  plates  for  suturing,  115. 
Lejither  snlints  and  bandages,  215. 
Leg,  bandages  for,  195. 
Leprosy,  450. 

bacilli  of,  451. 

diairuosis  and  prognosis  of,  454. 

•  ccurrenceof,  452. 

syinptr)ms  of,  452. 

treatment  of,  454. 
Leptothrix,  262. 


Leucocytes,    different    reactions   towards 
staining  materials,  299. 

emigration  of,  235. 
Leucocytosis,  inflammatory,  242. 
Lifts  for  sick-bed,  204. 
Ligature  en  masae^  78. 

of  vessels,  93. 
Lightning,  action  of,  506. 
Lint,  155. 
Lipoma,  783. 
Lipoma  arborescens,  716. 
Lister's  method  of  treating  wounds,  153. 
Liver,  collection  of  blood  in  the,  518. 
Lues,  435. 
Lupus,  532. 

Lymph,  movements  of,  during  inflamma- 
tion, 236. 
Lymphadenia  ossium,  677. 
Lymphadenitis,  333. 
Lymphangeioma,  793. 
Lymphangiectasis,  564. 
Lymphangitis,  333. 
Lymphatics,  acute  inflammation  of,  333. 

diseases  of,  564. 
Lymph  fistula,  565. 

Lvmph   glands,    acute   infiammation   of, 
333. 

collection  of  blood  in,  518. 

diseases  of,  333. 
Lymphoma,  798. 
Lymphorrhagia,  565. 
Lymphorrhcea,  565. 
Lysol,  172. 
Lyssa,  403. 

Madura  foot,  259. 
Magnesite  dressing,  225. 
Magnetic  needle  for  extraction  ot  metallic 
foreign  bodies,  72.  493. 

for  extraction  of  bullets,  766. 
Malaria,  protozoa  in,  282. 
Malformations,  675. 
Malleus,  397. 

Malum  perforans  pedis,  586. 
Malum  senile,  710. 
Mamma,  dressings  for  the,  192. 
Marly  scraps  for  dressings,  157. 
Marrow  of  bone,  actinomvcosis  of,  654. 

chronic  inflammations  of,  64:!. 

echinococcus  of,  678. 

metastatic  inflammations  of,  G41. 

scraping  out  of,  641. 

syphilis  of,  652. 

traumatic  inflammations  of,  641. 

tuberculosis  of,  645. 
Massage,  technique  of,  520. 
Melanoma,  805. 
Menthol  as  anaesthetic.  52. 
Mercurial  cachexia,  448. 
Metal  splints,  211. 
Methvl  chloride,  39. 
Methyl  ether,  39. 
Methylene  bichloride,  39. 
Methylene  compounds,  39. 
Methylene  ether,  39. 
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Methylol,  89. 

Microbes,  importance  of,  in  inflammation, 
254. 

importance  of,  in  fever,  312. 

methods  of  examining,  271. 

morphology  of,  260.   ' 

of  suppuration,  327. 
Micrococci,  261. 

Micrococcus  pyogenes  tenuis,  331. 
Miliaria,  529. 
Milium,  827. 
Mitella,  200. 
Mitra  Hippocratis,  190. 
Mollin,  187. 

Moliuscum  contagiosum,  809. 
Monilia,  257. 
Monoculus,  192. 
Morphine-chloroform  narcosis,  46. 

-ether  narcosis,  47. 
Moss,  156. 
Moss-felt  pads,  156. 
Moss  pulp,  156. 

Mouse  septicaemia,  bacilli  of,  372. 
Mouth-gag,  20. 
Mouth  speculum,  26. 
Mucor  corvmbifor,  258. 

rhizopouoformis,  258. 
Mucous  membrane,  inflammations  of,  544. 

transplantation  of,  149. 
Mull,  155. 

sterilised  pledgets  of,  14. 
Mures  articulares,  714. 
Muscles,  diseases  of,  569,  573. 

hernia  of,  525. 

injuries  of,  522. 

luxations  of,  525. 

regeneration  of,  483. 

suture  of,  482. 

transplantation  of,  482. 
Muscular  rheumatism,  574. 
Mycetozoa,  281. 
Mycosis  fungoides,  544. 
Mvoma,  704. 
Myositis  serosa,  570. 

fibrosa,  571. 

ossificans,  571. 
Myxanlema.  541. 
Myxoma,  783. 
Myxomycetcs,  282. 

Nffivus  vasculosus,  790. 

Naphthaline.  170. 

Narcosis  with  chloroform-air  mixture,  35. 

chloroform-morphine,  47. 

chloroform-oxygen,  35. 

ether,  39. 

by  irritation  of  laryngeal  mucous  mem- 
brane. 48. 

laughing  gas,  44. 

mixed,  45. 
Nearthrosis,  formation  of,  713,  742. 
Neck,  dressings  for,  192. 
Necrosis  of  bone.  655. 

of  soft  parts  (gangrene),  583. 
Necrotomy,  601. 


Needle-holder,  111. 
Needles,  111. 
Nephritis  carbolica,  167. 
Nerves,  defects  of,  486. 

degeneration  of,  after  injuries  of,  468. 

diseases  of,  566. 

grafting,  485. 

injuries  of,  467,  473. 

luxations  of,  526. 

neurectomv,  568.  « 

regeneration  of,  468,  488, 489. 

stretching  of,  485,  568. 

suture  of,  484. 

transplantation  of,  486. 

treatment  of  defects  of,  485. 
Nervus   phi-enicus,  electrical  stimulation 

of,  in  asphyxia,  88. 
Neuralgia,  567. 

of  bones,  720. 

of  joints,  718.  720. 
Neurectomy,  568. 
Neuritis,  5w. 
Neurofibroma,  782. 
Neuroglioma  ganglionare,  T97. 
Neuroma,  794. 

malignant,  796. 

plexiform,  795. 
Neuropathic  inflammations  of  bones  and 

joints,  720. 
Neurorrhaphy,  484. 

after-treatment  of,  487. 

histological  changes  after,  490. 

results  of,  488. 

secondary,  485. 
Neuroses,  traumatic,  285,  567. 

following  operations,  68. 
New  formation  of  tissue,  290. 
New  formation  of  vessels,  293. 
Noma,  584. 

Occlusion,  antiseptic,  in  army  surgery,  761. 
Occlusive  dressings,  antiseptic,  1^. 
Odontoma,  788. 
CEdema,  malignant,  389. 

bacilli  of,  339. 
Oidium,  257. 
Oil-cysts,  829. 
Onychoma,  808. 
Operating  tables,  6,  7. 
Operation,  1. 

accidents  in  the  course  of,  61. 

after-treatment  of,  66. 

alleviation  of  pain  in,  17. 

aseptic,  2. 

causes  of  death  in,  67. 

definition  of,  1. 

healing  of  wounds  made  in  the  course 
of,  66,  280. 

indications  and  contra-indications,  2. 

neuroses  following,  68.  * 

preparations  for,  2. 

preparations  for,  in  private  practice,  15. 

savmg  of  blood  during,  53. 
Operator,  clothing  of,  10. 

disinfection  of  clothing  of,  10. 


INDEX. 


839 


Organisation  of  a  thrombus,  296. 
Osteoblasts,  603. 
Osteochondritis,  653,  662. 

dissecans,  662. 

luetica,  653. 
Osteoclasis,  91. 
Osteoclastic  c«l]s,  604. 
Osteoclasts,  91,  583. 
Osteoma,  787. 
Osteomalacia,  669. 

anatomical  changes  in,  669. 
Osteomyelitis,  acute  primary,  634 

anatomical  changes  in,  636. 

clinical  course  or,  637. 

diagnosis  and  prognosis  of,  639. 

etiology  of,  635. 

treatment  of,  639. 
Osteomyelitis,  chronic,  643. 

syphilitic,  652. 

tubercular,  645. 
anatomical  changes  in,  646. 
clinical  course  of,  648. 
diagnosis  and  prognosis  of,  649. 
treatment  of,  o50. 
Osteophyte,  644. 
Osteoplasty,  629. 
Osteoporosis,  673. 
Osteopsathyrosis,  593. 
Osteosarcoma,  789. 
Osteosclerosis,  674. 
Osteotome,  87. 
Ostitis,  633. 

Paper-starch  dressing,  224. 
Papier-mache  splints,  214. 
Papilloma,  807. 
Paquelin's  thermo-cautery,  79. 
Paralysis  of  heart  from  chloroform,  30. 

clectro-puueture  for,  38. 
Paralysis,  infantile  spinal,  731. 
Parenchvnuitous  injections,  77. 
Paronvcliia,  342. 
Peat,  i56. 

Pelvis,  bandages  for,  197. 
Pemphi|ifus,  529. 
Penicillmm  glaucum,  256. 
Pental  narcosis,  48. 
Percussion  of  lx)ne,  616. 
Percutaneous  ligation  (of  vessels),  98. 
Periarteritis.  336. 

Periosteum,  inflammations  of.  633. 
Periostitis,  albuminoid  or  mucinoid,  643. 

chronic  ossifying,  644. 

syphilitic,  652. 

tubercular,  (545. 
Periphlebitis,  336. 
Peroxide  of  hydrogen,  171. 
Pes  calcaneus  paralyticus,  730. 

cijuino  paralyticus,  729. 

valgus,  728.  * 

varus,  726. 
Petit's  leg  splint,  206. 
Phagocvtes,  276. 
Phenol,' 157. 
Phlebectasia?,560. 


Phlebitis,  386. 

Phlebotomy,  472. 

Phlegmasia  alba  dolens,  346. 

Phlogosin,  242. 

Phosphorus  necrosis,  656. 

Photoxylin,  186. 

Plasmodia,  282. 

Plasmodiophora  Brassic®,  282. 

Plasmo<lium  malaria;,  282. 

Plaster  of  Paris,  splints  of,  217. 

Plastic  operations,  140. 

Plexiform  neuroma,  795. 

Pneumococcus,  332. 

Poison,  cadaveric,  386. 

Poisoning  by  insects  and  snakes,  410. 

Poultice,  antiseptic,  183. 

Pressure  paralysis  from  cicatrix,  305. 

Projectiles     from     firearms,    effects    of, 

758. 
Protozoa,  281. 
Pseudarthrosis,  614. 
Pseudo-diphtheria.  550. 
Pseudo-tuberculosis,  420. 
Ptomaines,  267. 
Pulse  in  fever,  310. 
Punctured  wounds,  470. 

of  cavities,  473. 

of  joints,  473,  752. 

of  nerves,  478. 

of  vessels,  471. 
Pus,  247. 

blue,  249,  330. 

green,  249.  330. 

red,  249.  331. 
Pus-corpuscles,  origin  of,  248. 
Pus  microbes,  327. 
Putrefaction,  bacteria  of,  373. 
Pyaemia,  380. 

clinical  course  of,  382. 

diagnosis  of,  385. 

etiology  of,  880. 

occurrence  of,  382. 

patholojjy  of,  381. 

prognosis  of,  385. 

treatment  of,  385. 

Rabies,  403. 
Railway  injuries,  285. 
Reaction  follow^ing  injury  or  inflamma- 
tion, 305. 
Red  pus,  331. 
Regeneration  of  tissues,  251,  303. 

of  nerves,  469,  489. 

of  tendons,  469,  484. 
Reproduction  of  bacteria,  263. 
Respiration,  artificial,  37. 
Retractors,  73. 

Reunion  of  entirelv  severed  parts,  295, 
Rhachitis.  668. 

anatomical  changes  in,  664 

the  course  of,  667. 

the  diagnosis  of,  668. 

the  etiology  of,  667. 

the  treatment  of,  668. 
R(5ntgeu-rays,  766. 
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Saccharom^ces,  259. 

Salicylic  acid,  161. 

Salves,  186. 

Scab,  healing  under  a,  180. 

Scissors,  74 

Schleich's  aniesthesia,  51. 

Sclerodenna,  543. 

Scrofula,  treatment  of,  494. 

Scurvy  or  scorbutus,  5i39. 

Septicienna,  869. 

of  animals,  871. 

clinical  course  of,  375. 

cryptogenetic,  370. 

diagnosis  of,  378. 

etiology  of,  370. 

occurrence  of,  374. 

patholo^cal  changes  in,  374. 

prognosis  of,  378. 

treatment  of,  379. 
Sequestrotomy,  661. 
Sequestrum,  separation  of,  657. 
Shock,  319. 

etiology  of,  319. 

symptoms  of,  320. 

treatment  of,  321. 
Shot-suture,  115. 
Silk,  preparation  of,  94. 
Skin,  bums  of,  499. 

callosities  of,  808. 

contusions  of,  475,  518. 

diseases  of,  526. 

frost-bites  of,  509. 

horns  of,  808. 

injuries  of,  462. 

opening  for  drainage,  105. 

plastic  operations  upon,  140. 

polypus  growths  of,  829. 

transplantation  of,  146. 
Skin-grafting,  146. 
Skin-muscle  canalisation,  108. 
Skinning  over  of  granulation  wounds,  288. 
Snake- bites,  410. 

Sodium  chloride,  addition  to  bichloride 
solution  of,  161. 

impregnation  of  dressings  with,  157. 

for  treatment  of  wounds,  173. 
Sodium-chloride  infusion,  494. 
Sodium  tetraboricum,  163. 
Soft  chancre,  444. 
Spastic  stiffness  of  joints,  729. 
Spirillum.  202. 

Splints  of  plaster  of  Paris,  217. 
Spoon,  sharp.  77. 
Sprains  of  joints,  737. 
Spray,  15. 

Starch  dressing.  228. 
Steam  sprav,  15. 
Steam  sterilising  apparatus,  4. 
Stenocarpine,  52. 
Sterilisation  of  catgut,  94. 

of  dressings,  14. 

of  instruments,  12. 

of  silk,  14. 
Sticking-plaster,  extension  by,  227. 

various  kinds  of,  185. 


Sticking-plaster,  mull,  185. 
Streptococcus  pyogenes,  829. 
Structure  and  reproduction  of  bacteria,  262. 
Subcutaneous  rupture  of  muscles  and  ten- 
dons, 522. 

treatment  of,  524. 
Subcutaneous  salt  infusion,  498. 
Sulphocarbolate  of  zinc,  170. 
Sun-bum,  507. 
Sun-stroke,  507. 

treatment  of,  509. 
Suppuration,  causes  of,  241. 

importance  of  microbes  in,  824. 

various  kinds  of,  245. 

various  kinds  of  microbes  of,  826. 
Suspension  apparatus,  207. 
Suture,  continuous,  114 

intermpted,  113. 

of  nerves,  484. 

secondary,  116. 

of  tendons,  480. 

of  vessels,  98. 
Suture  materials,  112. 
Syncope,  80. 
Syphilis,  435. 

changes  in  blood  in,  442. 

course  of.  442. 

immunity  from,  444 

inheritance  of,  487. 

origin  of,  486. 

symptoms  of,  439. 

transmission  of,  to  animals,  486. 

treatment  of,  444 
Syphilitic  albuminuria,  448. 

aental  deformities,  448. 

pseudo-paralysis,  448. 

Temperature  of  body  in  fever,  806. 

Temporary  dressings,  197. 

Tenoplasty,  482. 

Tenorrhaphy,  480. 

Tenosynovitis,  578. 

Tenotome,  71. 

Tenotomy,  580. 

Teratoma,  828. 

Terebene,  170. 

Tetanus,  bacillus  of,  362. 

clinical  course  of,  366. 

etiology  of.  861. 

of  the  head,  367. 

hydrophobicus,  367. 

immunity  from,  365. 

pathogenesis  of,  367. 

poison  of,  364. 

prognosis  of,  368. 

traumatic,  360. 

treatment  of,  368. 
Tetany,  365. 

Tetraboride  of  sodium,  168. 
Therm o-cautery,  Pa(^uelin*s,  79. 
Thrombus,  organisation  of,  296. 

red,  white,  and  mixed,  297. 

subsequent  changes  in,  800. 
Thymol,  162. 
Tissue,  division  of,  68. 
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Tissue,  formation  of,  288. 

regeneration  of,  251,  308. 
Toothed  forceps,  72. 
Tourniquets,  55. 
Toxines,  267. 
Transfusion  of  blood,  494-498. 

dangers  of,  495. 

indications  for,  496. 

technique  of,  496. 
Trichloride  of  iodine,  171. 
Tripolith  dressing,  223. 
Trismus,  361. 
Trocar.  75. 

Tubercle,  anatomical,  387. 
Tubercle  bacilli,  416. 

of  birds,  420. 

demonstration  of,  423. 

staining  of,  418. 

toxine  of,  417. 
Tubercles,  origin  and  structure  of,  415. 
Tuberculosis,  414. 

of  bones  and  joints,  428. 

of  cattle,  420. 

combined    with    syphilis    and    cancer, 
421. 

diagnosis  of,  428. 

extension  of,  422. 

inheritance  of,  424. 

of  lips,  rectum,  etc.,  427. 

of  lymph  glands,  428. 

of  mucous  membranes,  426. 

of  nose,  427. 

origin  of,  in  man,  421. 

of  pharynx,  palate,  etc.,  426. 

prognosis  of,  428. 

of  subcutaneous  tissue,  425. 

termination  of,  423. 

of  tongue,  426. 

transmission  of,  to  animals,  419. 

transmission  of,  to  foil  us,  424. 

treatment  of,  429. 

treatment  of,  with  tuberculin,  431. 
Tumours,  769. 

in  animals,  773. 

clinical  course  of^  773. 

curability  of  malignant,  776. 

diagnosis  of,  776. 

etiology  of,  770. 

growtTi'of,  774. 

trans  in  issibility  of,  773. 

treatment  of,  t76. 


Tumours,  various  kinds  of,  with  thei^  treat- 
ment, 776. 

Ulcers,  cicatricial,  305. 

irritable,  540. 

of  skin,  536. 
Urine,  condition  of,  in  fractures,  603. 

condition  of,  in  rhachitis,  666. 

Vaccination  lancet,  69. 
Varices,  560. 
Venesection,  472. 
Verruca  necro^enica,  387. 
Vessels,  behaviour  of,  in  fever,  310. 

formation  of  cicatrix  in,  300. 

formation  of  new,  293. 

ligation  of,  93. 

liKation  of,  en  masses  97. 

other  methods  of  htemostasis,  99. 

suture  of,  98. 
Vibrio,  262. 
Villi,  synovial,  682. 

Wandering  of  the  acetabulum,  701. 

Water-glass  dressing,  224. 

AVhitlow,  342. 

Wire  splints  and  gutters,  213. 

Wire  stocking.  Bonnet's,  213. 

Wood-fibre  dressing,  156. 

Wood-fibre  j»ads,  156. 

Woo<len  sphnts,  207. 

Wood  wool,  156. 

Wound  pain.  462. 

Wounds,  foreign  bodies  in,  475. 

gaping  of,  463. 

nwmorrbage  from,  463. 

healing  of,  286. 

infectious  diseases  of,  323. 

inflamniHtion  and  suppuration  of,  826. 

of  muscles  and  tendons,  467. 

of  nerves,  467. 

repair  of,  in  non -vascular  tissues,  303. 

of  soft  parts,  462. 

suture  of,  110. 

symi)tomatology  of,  462. 

treatment  of,  478. 

Xanthoma,  804. 
Xeroform,  169. 

Zinc,  sulphocarbolate  of,  170. 
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THIS  attractive  work  is  the  outcome  and  represents  the  experience  of  a  long  and 
active  professional  life,  the  greater  part  of  which  has  been  spent  in  the  treat- 
ment of  the  diseases  of  women.  It  is  especially  adapted  to  meet  the  wants 
of  the  general  practitioner,  by  enabling  hiui  to  recognize  this  class  of  diseases  as 
he  meets  them  in  every-day  practice  and  to  treat  them  successfully. 

The  arrangement  of  subjects  is  such  that  they  are  discussed  in  their  natural 
order,  and  thus  are  more  easily  comprehended  and  remembered  by  the  student. 

Methods  of  operation  have  been  much  simplified  by  the  author  in  his  practice, 
and  it  has  been  his  endeavor  to  so  describe  the  operative  procedures  adopted  by 
him,  even  to  their  minutest  details,  as  to  make  his  treatise  a  practical  guide  to  the 
gynaecologist. 

While  attention  has  been  given  to  the  surgical  treatment  of  the  diseases  of 
women,  and  many  of  the  operations  so  simplified  as  to  bring  them  within  the 
capabilities  of  the  p;eneral  surgeon,  due  regard  has  also  been  paid  to  the  medical 
management  of  this  class  of  diseases. 

Although  all  the  subjects  which  are  discussed  in  the  various  text-books  on 
gynajcology  have  been  treated  by  the  author,  it  has  been  a  prominent  feature  in 
his  plan  to  consider  also  those  which  are  but  incidentally,  or  not  at  all,  mentioned 
in  the  text-books  hitherto  published,  and  yet  which  are  constantly  presenting 
themselves  to  the  practitioner  for  diagnosis  and  treatment. 

"  In  the  preface  of  the  first  edition  of  this  worli:  the  author  states  :  '  Thii*  work  was  written  for 
the  purimec  of  bringing  together  the  fully  matured  and  eenential  facts  in  the  science  and  art  of 
gynaecolotry,  so  arranged  as  to  meet  the  requirements  of  the  student  of  medicine,  and  be  convenient 
to  the  practitioner  for  reference.'  The  demand  for  a  second  edition  has  demonstrated  how  fully 
this  purpofl<;  has  been  accomplished.  The  reader  can  not  fail  to  commend  the  conservatism  and 
honet* ty  of  the  author 's  opinions,  and  the  care  with  which  the  material  has  been  collected  and 
arranged.  The  second  edition  contains  new  chapters  on  Ectopic  Gestation,  Diseases  and  Injuries 
of  the  Ureten*.  and  Vesical  Hernia.  The  first  of  these  subjects  receives  in  this  edition  a  careful 
exposition,  the  want  of  which  was  among  the  few  defects  of  the  former  edition.  The  aathor^s 
work  in  the  |)ositionaI  disorders  of  the  uterus  and  laceration  of  the  perinaeum  stands  pre-eminent 
among  the  contributions  to  this  sabject.  His  discussion  of  the  use  of  pessaries  throws  mucn  light  upon 
anubject  which  has  suffered  from  the  want  of  careful  treatment,  both  nro  and  con.  The  publishers 
deserve  great  credit  for  the  illustrations  and  general  style  of  the  work.'^— Medical  AVir*. 

"  We  have  very  little  to  add  to  what  we  said  of  it  on  its  first  appearance,  and  we  still  regard  it  as 
one  of  the  few  foremost  books  in  this  department  in  the  English  language.  The  addition  of 
chapters  on  Diseases  and  Injuries  of  the  Ureters,  and  on  Ectopic  Gestation,  make  it  more  complete. 
Too  much  praise  can  not  be  given  to  the  illustrationft,  which  are  models  of  clearness,  and,  as  u  not 
always  the  case,  show  what  is  meant."— J9o«ton  Medical  and  Surgical  Journal, 
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"In  giving  the  medical  profession  this  second  revised  translation  of  Prol 
£wald*s  treatise  on  the  Diseases  of  the  Stomach,  Dr.  Manges  has  placed  the  profes- 
sion under  even  greater  obligations  than  we  owed  for  the  first.  The  first  transla- 
tion was  then  an  almost  exhaustive  treatise,  and  now,  with  so  much  new  and 
valuable  data  added,  the  work  is  a  sine  qua  non" — Atlanta  Ji$dieal  and  Surgical 
Journal, 

"  This  work  as  it  now  stands  is  the  best  on  the  subject  of  stomach  diseases  in 
the  English  language.  No  physician's  library  is  complete  without  it.  It  is  in 
every  way  well  adapted  to  the  requirements  of  the  general  practitioner,  although 
complete  enough  to  meet  also  the  requirements  of  the  specialist." — Anurtean 
Medico- Surgical  Bulletin, 

**The  present  American  edition  is  a  peculiarly  valuable  one,  as  the  editor. 
Dr.  Manges,  has  done  his  work  in  a  thoroughly  creditable  manner.  His  numer- 
ous notes,  additions,  and  new  illustrations  have  made  the  book  a  classic  one. 
Under  these  circumstances  it  should  find  a  place  in  the  library  of  every  Amer^ 
ican  physician,  as  their  clientele  is  composed  of  such  a  large  proportion  of  patients 
suffering  from  gastric  complaints  and  more  or  less  improper  medication  which 
most  often  ends  in  failure.  There  is  no  doubt  that  more  properly  directed  efforts 
in  the  prof)er  direction,  as  outlined  in  £wald*s  book,  would  soon  remove  from 
Americans  the  reputation  of  being  a  nation  of  dyspeptics." — St,  Louis  Medical 
and  Surgical  Journal. 

"  Dr.  Ewald*s  book  has  met  with  a  very  cordial  reception  by  the  medical  pro- 
fession. Within  a  short  period  three  editions  have  appeared,  and  translations 
published  in  England,  Spain,  France,  Italy,  and  the  United  States.  To  the 
present  edition  the  author  has  not  only  added  considerable  new  matter,  but  he 
has  also  entirely  rewritten  the  work.  The  arrangement  of  the  chapters  has  been 
somewhat  changed,  and  many  new  personal  observations  and  therapeutic  experi- 
ences added.  The  desirability  of  surgical  interference  is  carefully  considered,  and 
the  pro8  and  cons  given  so  far  as  would  be  necessary  to  enable  a  physician  to 
determine  whether  the  aid  of  the  surgeon  might  be  required.  The  translator  has 
done  his  work  well,  and  has  incorporated  much  new  matter  into  the  text  and 
footnotes." — North  American  Journal  of  Homoeopathy, 


D.  APPLETON  AND  COMPANY,  NEW  YORK. 


THE  DISEASES  OF 
INFANCY  AND  CHILDHOOD. 

For  the  Use  of  Stud^tUs  and  Practitioners  of  Medicine, 

By  L.  EMMETT  HOLT,  A.  M.,  M.  D., 

ProfeuoT  of  Diinfun  of  ChUdrtn  in   tlu  Ntw  York  Polyclinic ;   Attending  Physician  to 

the  Babied  Hotpital  and  to  the  Sureery  and   Child^s  Hospital^  Sew  York; 

Coneuhing  Physician  to  the  New  York  Ii\fant  Asylumy  and  to  the 

Hospital  for  Ruptured  and  Crippled. 

With  7  full-page  Colored  Plates  and  203  Illustrations.    Cloth,  $6.00  , 

sheep,  $7.00  ;  half  morocco,  $7.50. 

SOUI3    ONLY    BY    SXJBSCRIFXION-. 


AmeriotLn  Medioo-SurgioAl  BuUetin: 

**  This  work  is  in  every  sense  of  the  word  a  new  book ;  for,  while  the  best  work  of  other 
authors  in  this  and  other  countries  has  been  drawn  upon,  especially  that  in  the  form  of 
monofpuphs  and  in  the  llles  of  peediatric  literature,  the  majority  is  derived  from  the  author's 
own  olinical  observations.  Obeolete  dicta  handed  down  from  text-book  to  text-book  are 
here  oon.<«picuousIy  absent,  and  nothing  has  been  accepted  which  has  not  been  carefully 
tested.  ...  It  is  not  venturin^r  too  much,  after  a  careful  perusal  of  these  pages,  to  predict 
for  this  volume  a  pre-eminent  and  lasting  petition  among  the  treatises  upon  this  subject. 
We  heartily  recommend  that  it  find  a  place  not  only  in  the  library  of  every  physician,  but 
wide  open  at  the  elbow  of  every  man  who  desires  to  deal  intelligently  with  the  problems 
which  confront  him  in  tlie  treatment  of  infants  and  children  intrusted  to  his  care.'' 

Nashville  JoumAl  of  Medicine : 

'*  This  magnificent  work  is  one  of  the  most  valuable  recent  contributions  to  medical  liter- 
ature. It  will  rapidly  win  its  way  to  a  fh>nt  rank  with  other  standard  works  upon  kindred 
subjects.     It  is  us  nearly  complete  as  a  treatise  upon  this  subject  can  be.'' 

Virginia  Medical  Semi-Monthly : 

"  When  one  recalls  the  teaching  of  a  decade  or  two  ago  and  comj)ares  the  inculcations 
of  to-day,  he  can  scarcely  help  recognizinir  that  *  old  things  have  passed  away,  and  all 
things  have  become  new.*  The  volume  before  us  is  practically  the  record  of  information 
obtained  by  the  author  from  eleven  years  of  special  study  and  practice,  so  that  nearly  every 
subject  is  presented  fh>m  the  stand|>oint  of  personal  olwervation  and  experience.  The 
information  i^iven  is  therefore  reliable,  for  Dr.  Holt  is  a  close  observer  and  a  caret\il  student 
of  his  rii>e  exj^erience.  ...  In  short,  this  book  appears  to  us  to  be  the  best  all-round,  up-to- 
date  book  for  practitioners  and  students  of  children's  diseases  that  we  know  of." 

Medical  Progress : 

**  The  work  before  us  Is  one  which  reflects  great  credit  upon  the  distinguished  author. 
Dr.  Holt  has  long  been  known  as  a  most  indu8tri<ius  and  painstaking  investitrator,  and  in 
tills  volume  he  sustains  that  reputation.  The  work,  we  may  say  in  a  sentence,  is  fully  up 
to  the  requirements  of  the  times,  and  there  is  no  advance  known  to  paediatrics  which  has 
not  been  fully  dealt  with  according  to  its  merits." 
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•*  The  author  has  placed  before  the  profession  the  fruits  of  fifteen  years'  experience  as  % 
rectal  specialist.  ...  A  careful  perusal  of  Mathews's  work  can  not  tail  to  give  the  practi- 
tioner all  the  knowledge  that  is  desirable  to  successfully  diagnosticate  and  treat  any  case  of 
rectal  disease  that  may  come  before  him,  if  he  j^osscsses  a  mcxlicum  of  the  dexterity  that  an 
ordinary  surgeon  should  have.  .  .  .  The  book  is  rich  in  clinical  material,  and.  in  tlie  writer's 
opinion,  is  the  best  work  on  this  specialty  yet  published.  The  publitthers  liave  done  their 
work  well,  the  six  cbromolithograpns  being  artiftic." — Chicago  Medical  Jiecordtr. 

*' .  .  .  The  work  is  a  most  practical  and  classical  presentation  of  the  vast  and  varied 
experience  of  a  poinstAking  observer  and  worker.  The  specialist  will  buv  it  aud  read  it, 
otherwise  he  would  not  be  progrt-ssive.  The  general  practitioners,  above  alt,  should  procure 
and  read  this  book,  lor  the  reason  that  it  will  at  least  assi>t  them  in  niaking  a  correct 
diagnosis:  and.  if  they  care  to  treat  these  diseases,  it  gives  them  all  that  is  newest  and 
best." — Medical  Mirror. 

"  This  book  we  think  is  decidedly  original  in  many  of  its  features.  The  author  ha.-*  not 
taken  other  men's  opinions  as  his  guide,  for  the  reason  that  in  his  fifteen  yeans'  experience 
as  a  rectal  specialist  he  has  learned  '  that  many  thintrs  that  are  taught  are  not  true,  and  that 
many  true  things  have  not  ^>een  taught.'  He  has  therefore  accepted  as  truths  only  those  tilings 
which  could  be  substantiated  by  facts,  and  has  here  recorded  them.  Several  chapters  new 
to  books  on  this  subject  have  been  intnxluced  by  him,  araonir  which  will  Ik;  found  the  follow- 
ing :  Disease  in  the  Sigmoid  Flexure,  the  Hvsterical  or  Nervous  Rectum,  Anatomy  of  the 
Rectum  in  Relation  to  Reflexes,  Antiseptics  in  feectal  Surgery,  and  a  New  Operation  for  Fistula 
in  A  no.  ,  .  .  Illustrated  with  six  excellent  colored  p]at^^s  aiid  rmmerous  cuts;  clearly  printed 
with  large  type,  and  nicely  bound,  it  presents  a  most  attractive  appearance.  We  do  net 
know  of  any  work  on  the  subject  wbion  mora  thoroughly  meets  our  approval." — Memphis 
Medical  Monthly, 
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"  The  progress  made  in  surgery  durinK  the  last  ten  years,  the  changes  of  practice  by  the 
best  surgeons  with  re^rd  to  several  operative  procedures,  notably  litnolapaxy,  suprapubic 
cy^*tutoray,  and  operations  upon  the  kidney  itself,  and  other  matters  as  well,  rendered  neces- 
sary a  thorough  revision  of  tne  work  published  some  years  affo  as  the  joint  production  of  Drs. 
Van  Buren  and  Keyes.  Much  of  the  work  l?as  been  rewritten  entirely.  There  is  a  large 
amount  of  entirely  new  matter  presented  in  tliis  volume,  to  make  room  for  which  the  reports 
of  cases  pven  in  the  former  work  are  all  on  itted  in  this.  The  work  in  its  present  form 
stands  fairly  abreast  of  the  latest  advances  ii  genito-urinary  surgery.  Dr.  Keyes  says  oi 
the  book  that  it  is  an  honest  exhibit  of  his  viewt  upon  all  the  subjects  considered,  and,  in  view 
of  his  wide  experience  and  unquer^tioned  skill,  we  commend  his' book  to  the  notice  and  study 
of  all  who  work  in  this  field,"— iJ^.  LouU  Courur  of  Medicine. 

*'  We  do  not  know  of  any  one  work  in  the  English  language,  devoted  to  diseases,  etc.,  of 
the  trenito-urinary  onruns,  including  the  venereal  diseases,  that  is  so  well  adapted  to  tne  wants 
of  the  general  pmctitioner.  To  the  specialist  thii<  book  is  invaluable." —  Virginia  Mtdieat 
Monthly. 

*'  This  handsome  volume  is  not  merelv  a  new  edition  of  the  well-known  work  of  Van  Buren 
and  Keyes,  but  a  complete  revision  of  that  text-book.  The  original  i>lan  of  the  older  work 
has  been  retained,  ana  its  scope  remains  the  same ;  but  it  has  been  entirely  recast,  and  in  :\ 
large  measure  rewritten.  This  course  has  been  made  necessary  by  the  vast  progress  which 
has  marked  the  history  of  surgery  during  the  last  ten  years,  especially  in  the  field  of  thera- 

Seutics  and  operative  procedures.  To  bring  tlie  book  up  abreast  of  the  times  upon  the  new 
ence  of  litholapaxy,  suprapubic  cystotomy,  the  modem  surgery  of  the  kidney,  tlie  treat- 
ment now  followed  in  diseases  of  the  tunica  vaginalis,  and  tlie  many  minor  changes  which 
find  expression  in  the  use  of  new  agents,  Dr.  Keyes  was  compelled  to  omit  many  things,  to 
add  considerable  new  matter,  and  largely  to  modify  much  of  tne  remainder.  Some  chapters 
are  entirely  new,  and  in  order  to  make  room  for  desired  additions  all  the  cases  have  oeen 
dropf>ed.  As  it  now  stands,  it  is  a  treatise  which  may  safely  be  consulted,  and  which  fairly 
and  freely  speaks  of  the  most  modern  methods.  Dr.  Keyes  is  enthusiastic  in  his  commenda 
tions  of  litholapaxy.  and  cordially  indorses  the  high  operation  for  stone,  while  he  decides 
that  the  time-honored  and  brilliant  methods  of  reaching  the  bladder  through  the  perinceum 
are  only  applicable  in  the  cases  of  male  children  with  st/>nes  of  moderate  size.  JDr.  Keyes 
says  the  book  '  is  an  honest  exhibit  of  my  views  m»on  all  the  subject**  considered  * ;  and  as  nis 
experience  has  been  larire,  and  his  skill  and  prudence  are  undi>puted,  we  have  no  hesitation 
in  Hiiyintf  there  is  no  one  in  this  country  whose  judgment  is  more  worthy  of  confidence,  or 
whose  directions  may  l>e  more  safelv  followed." — Americnn  Journal  of  iKe  Medical  Seien 
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'*An  examination  of  the  contents  will  prove  that  this  volume  carries  its  raison 
d*iire.  It  embodies  in  a  most  satisfactory  manner  the  known  facts  of  otology,  hav- 
ing incorporated  most  successfully,  and  with  little  bias,  the  recent  advancements  that 
have  been  made  in  this  branch.  Recognizing  the  aid  which  comes  from  a  faithful 
reproduction  of  the  anatomical  structures  concerned,  and  from  showing  the  site  of 
operative  procedures,  the  plates  have  been  prepared  with  all  the  care  and  precision  of 
modem  engraving  art  from  the  specimens  themselves.  The  high  class  of  illustrations 
in  the  work  is  worthy  of  special  praise.  The  text  maintains  a  character  that  will  rank 
the  author  as  one  of  our  best  otological  writers.  He  has  paid  marked  attention  to  the 
physiological  basis  of  aural  studies  and  to  the  functional  examination  in  cases  of  ear 
disease.  In  mentioning  treatment  he  has  gone  into  manipulative  details  that  other 
writers  have  omitted,  and  yet  which  arc  very  necessary  to  the  student  and  practitioner 
who  may  have  never  had  a  chance  to  study  and  observe  these  matters  in  special  aural 
clinics.  The  author  is  perhaps  more  fond  of  operative  procedures  in  middle-ear  dis' 
ease  than  some  of  bis  colleagues,  but  he  has  given  us  what  we  have  desired — a  good 
modern  r/sum/ on  the  benefits  to  be  derived  from  such  operations." — Columbus  Med- 
icai  Journal, 

"  One  has  only  to  read  this  volume  in  order  to  see  its  worth.  Whether  there  was 
need  at  present  for  a  new  text-book  on  otology  must  be  seen  from  the  success  which 
will  be  met  with  by  this  work  of  Dr.  Dench.  However,  we  have  no  hesitancy  in  say- 
ing that  it  is  the  best  work  of  its  kind  by  an  American  author.  Dr.  Dench  is  perhaps 
one  of  the  leading  exponents  of  intra-tympanic  surger)',  and  while  his  views  upon  this 
subject  are  perhaps  more  radical  than  the  majority  of  aural  surgeons,  yet  they  must 
be  thoughtfully  considered,  coming  as  they  do  from  one  who  is  so  well  and  favorably 
known.  It  is  almost  impossible  to  display  any  originality  in  writing  a  work  upon  the 
ear,  yet  in  this  text-book  the  author  has  dealt  in  no  superficial  vagaries,  but  he  speaks 
MS  one  with  a  large  amount  of  clinical  experience,  and  thus  gives  to  the  reader  those 
points  which  are  of  practical  importance. ' — Atlanta  Medical  and  Surgical  Journal. 

•*  In  this  valuable  work  minute  pathology  has  not  been  considered  extensively,  be- 
cause it  has  been  the  aim  of  the  author  to  adapt  it  to  the  needs  of  the  general  prac- 
titioner and  special  surgeon.  Dr.  Dench  has  written  at  length  upon  the  importance 
of  a  thorough  functional  examination,  which  many  works  upon  otology  have  failed  to 
emphasize.  He  has  placed  the  results  of  recent  investigations  at  the  disposal  of  the 
reader  in  such  a  manner  as  to  enable  him  to  use  them  in  diagnosis.  The  author  has 
written  from  his  extensive  personal  experience  in  advocating  operative  procedures 
upon  the  middle  ear.  On  the  whole  the  work  is  an  exceedingly  good  one,  and  admi- 
rably adapted,  as  was  the  author's  aim,  to  the  general  practitioner  and  the  special 
surgeon." — Kansas  City  Medical  Record. 


D.  APPLETON   AND   COMPANY,    NEW  YORK. 


L.WE  MEDICAL  LIHKARV 
Staxfokij  University  Mliucal  Cknt; 
Stanford.  Cai.ii«»knia  'M.5u5 

Ij;norancf  of  Lil)rary's  ^llk•^  «l«»c^  rift  t-xcn 
violator.s  from  jK'naltio. 


am  «-70-;av42 


A/^/ 


7 

V 


si 
I 


-r 


\1 


ol 


JJf'J  Wf  D'CAL  LIBRARY 
STANFORD  UNIVERSITY 
MEDICAL  CENTER 
STANFORD.  CALIF.  94305 


::31  'illi;ianns,H.      47209 
T57t   A  text-rook  of  surgery 
\'.l   tr.by  Til  ton  ?.na  RoserB' 
1901 


NAMK 


DATE  DUE 


